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Preface

Preface

Corrosive  substances are defined as
chemicals that cause visible destruction or
irreversible alterations in living tissue by
chemical action at the site of contact
(29CFR 1917.28). Dermal corrosivity
testing is conducted to identify corrosive
chemicals that may cause burns and
permanent scarring to the skin. Test results
are used to classify and label corrosive
chemicals so that consumers and workers
can take appropriate precautions to prevent
injury.  Test results are also used to
determine appropriate packaging that will
minimize hazardous spills during transport.
While corrosive chemicals and products
have typically been identified with an in
vivo procedure involving application of test
substances to the intact skin of a rabbit,
animal welfare concerns have led to the
recent development and validation of in
vitro testing methods for assessing skin
corrosivity.

In 1999, the Interagency Coordinating
Committee on the Validation of Alternative
Methods (ICCVAM) coordinated the
independent peer review evaluation of
Corrositex® (In Vitro International, Inc.,
Irvine, CA), an in vitro corrosivity testing
method. ICCVAM recommendations for
using Corositex® to assess dermal
corrosivity were forwarded to and
subsequently accepted by U.S. regulatory
agencies. In 2000, a second in vitro method
for corrosivity testing, EpiDerma (EPI-200)
(MatTek Inc, Ashland, MA), was submitted
to ICCVAM for consideration. ICCVAM
was also notified that EpiDerm& and two
other in vitro corrosivity test methods,
EPISKIN& (EPISKIN SNC, Lyon, France)
and the Rat Skin Transcutaneous Electrical
Resistance (TER) assay, had been reviewed

Xiii

and endorsed by the European Centre for the
Validation  of  Alternative  Methods
(ECVAM) Scientific Advisory Committee
(ESAC). The ICCVAM agreed that it
should evaluate all three proposed test
methods.

The  National  Toxicology  Program
Interagency Center for the Evaluation of
Alternative Toxicological Methods
(NICEATM) subsequently prepared a
background review document (BRD)
summarizing available data, prior ECVAM
validation studies, and the ESAC reviews
for the three test methods. An ICCVAM
Corrosivity  Working  Group  (CWG)
composed of Federal employees reviewed
the BRD and concluded, based on the
information provided and the outcomes of
the previous reviews, that further evaluation
by an independent scientific peer review
panel did not appear necessary. The CWG
therefore recommended that these methods
undergo ICCVAM evaluation using a newly
created expedited review process, and
ICCVAM agreed to proceed with an
expedited review. This evaluation process
involved the development of a draft
ICCVAM position (proposed ICCVAM test
recommendations) and publication of the
position in the Federal Register (Vol. 66,
No. 189, pp.49685-6; Sept. 28, 2001) for
public comment. Public comments were
considered by the CWG and ICCVAM, after

which the test recommendations were
finalized.
ICCVAM recommends that EpiDerma,

EPISKIN& , and the Rat Skin TER assay can
be used to assess the dermal corrosion
potential of chemicals and chemical
mixtures in a weight-of-evidence approach
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using an integrated testing strategy for
dermal irritation/corrosion. In this
approach, positive in vitro corrosivity
responses will not generally require further
testing and results can be used for
classification and labeling without the need
for animal testing.  Accordingly, these
methods provide for the replacement of
animal use when positive results are
obtained.

As required by the ICCVAM Authorization
Act of 2000 (P. L. 106-545), these ICCVAM
test recommendations will be forwarded to
Federal agencies for their consideration and
appropriate action. Agency responses to
ICCVAM test recommendations will be
made available on the ICCVAM/NICEATM
website (http://iccvam.niehs.nih.gov). This
publication and supporting documents are
also available on this website.

An added benefit realized from this review
was the further development and application
of the new ICCVAM expedited review
process. The experience gained during this
review will facilitate future ICCVAM
consideration of ECVAM-validated and
ESAC-endorsed methods.  This process
enhances the likelihood of international
harmonization and provides an opportunity
to develop concordant recommendations
between the United States and the European
Union where feasible. It also minimizes or
avoids duplication of effort and avoids
needless delays in achieving mutual
endorsement and acceptance of scientifically
valid methods.

These test method evaluations required the
efforts of many individuals. We especially
acknowledge the ECVAM staff who
designed, managed, and analyzed the results
of the independent validation studies and the
efforts of the participating laboratories that
conducted the validation studies. The ESAC

Xiv

is recognized for their careful review of the
study results. Special thanks go to the
NICEATM staff for preparing the
Background Review Document on the test
methods and for editing and publishing this
final report. We appreciate the efforts of the
CWG and the ICCVAM for conducting a
diligent and thorough review of these three
methods. Finally, we appreciate and
acknowledge the reviews and comments by
members of the public.

Leonard M. Schechtman, Ph.D.
Chair, ICCVAM

William S. Stokes, D.V.M., Diplomate,
A.C.L.A.M,, Director, NICEATM


http://iccvam.niehs.nih.gov

ICCVAM Review of In Vitro Dermal Corrosivity Methods

Executive Summary

In Vitro Skin Corrosivity Methods: EPISKIN™, EpiDerm™ (EPI-200), and
the Rat Skin Transcutaneous Electrical Resistance (TER) Assay

Executive Summary

Corrosive  substances are defined as
chemicals causing visible destruction or
irreversible alterations in living tissue by
chemical action at the site of contact (29
CFR 1917.28). Dermal corrosivity testing is
conducted to identify chemicals that
potentially pose this hazard to humans. U.S.
Federal regulations and guidelines include
test methods for assessing dermal
corrosivity.  Testing data is used to
determine appropriate hazard classification
and labeling, appropriate transport and/or
storage methods, and  appropriate
precautions for workers in industrial
settings. For regulatory purposes, corrosive
chemicals and chemical mixtures have
typically been identified using an in vivo test
method involving the application of
chemicals or chemical mixtures to the intact
skin of a rabbit. The skin is visually
evaluated for corrosion after exposures of
three minutes, one hour, and four hours.
Animal welfare considerations have led to
efforts to develop in vitro alternative test
methods. One such method, Corrositex?, (In
Vitro International, Inc., Irvine, CA) was
submitted to ICCVAM for consideration.
Following independent scientific peer
review (ICCVAM, 1999), ICCVAM
recommended that Corrositex* could be
used to assess the dermal corrosion potential
of chemicals as part of a tiered testing
strategy.

Three other alternative in vitro test methods
— EpiDermO (EPI-200), EPISKINO, and
the Rat Skin Transcutaneous Electrical
Resistance (TER) assay — have subsequently
undergone validation studies by the
European Centre for the Validation of
Alternative Methods (ECVAM), and have

XV

been accepted for corrosivity testing in the
European Union (EU, 2000). ICCVAM
subsequently implemented an expedited test
method review process to consider methods
which have been evaluated by the ECVAM
(ICCVAM, 2001). This process will
accelerate interagency consideration of these
test methods, thereby avoiding duplication
of effort and unnecessary delays in
recommending useful test methods to
Federal agencies in accordance with Public
Law 106-545. This report describes the
information and data considered by
ICCVAM during its expedited review of the
three methods, and provides the ICCVAM
test recommendations for these methods.

Validation and Regulatory Acceptance
Status of EPISKIN™, EpiDerm™ (EPI-
200), and the Rat Skin TER Assay

Independent validation studies on these
three in vitro assays were conducted by
ECVAM (Barratt et al., 1998; Fentem et al.,
1998; Liebsch et al., 2000). The ECVAM
Validation Management Team concluded
that the EpiDermO (EPI-200), Rat Skin
TER, and EPISKINO methods were able to
distinguish between corrosive and non-
corrosive chemicals for all of the chemical
classes considered.

A review of these validation studies and the
analyses conducted by NICEATM are
presented in Sections 2.0, 3.0, and 4.0 of
this report.

The validation status of the three methods was
reviewed by the ECVAM Scientific Advisory
Committee (ESAC) (Balls and Corcelle, 1998;
Balls and Hellsten, 2000). The ESAC
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concluded that the Rat Skin TER, Episkina,
and EpiDermO (EPI-200) tests can be used to
distinguish between corrosive and non-
corrosive chemicals within the context of the
draft EU and Organisation for Economic Co-
operation and Development (OECD) test
guidelines on skin corrosion (Balls and
Corcelle, 1998; Balls and Hellsten, 2000).
EPISKIN& and Rat Skin TER were also
reviewed by the European Commission’s
Scientific Committee for Cosmetic Products
and Non-food Products (SCCNFP) which
concluded that the methods were considered
applicable to the safety evaluation of cosmetic
ingredients or mixtures of ingredients
(SCCNFP, 1999).

EPISKIN™

The EPISKINA human skin model is
commercially available from EPISKIN
SNC, Lyon, France, a wholly owned
subsidiary of L’OREAL. EPISKINO is a
three-dimensional human  skin  model
composed of a human collagen (Types Il
and 1) matrix, representing the dermis,
covered with a film of Type IV human
collagen and stratified differentiated
epidermis derived from human
keratinocytes. Test materials can be applied
directly to the stratum corneum. The model
utilizes cell viability as the measured
endpoint. The topical mode of application
of test material mimics the route of human
exposure. For use in corrosivity testing, the
test material (liquids: 50 nL; solids: 20 mg)
is applied to an epidermis unit for 3, 60, and
240 minutes. Cell viability is assessed by
measuring mitochondrial activity using the
MTT (a tetrazolium salt) assay as compared
to concurrent negative controls. A 35%
decrease in cell viability is used to indicate a
potential for human corrosivity.

ECVAM  conducted an  independent
validation study on the EPISKINO method
as an in vitro replacement assay for in vivo
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corrosivity testing (Fentem et al., 1998).
Sixty chemicals were evaluated in duplicate
in three different laboratories; chemical
selection and in vivo reference data were
described by Barratt et al. (1998). The
ECVAM validation chemical test set
included:
- organic acids
organic bases
neutral organics
phenols
inorganic acids
inorganic bases
inorganic salts
electrophiles
soaps/surfactants

The database used in the EPISKINO
evaluation consisted of data from the
ECVAM validation study only; other data
were not located. An analysis of the results
of the database of 60 chemicals and

chemical mixtures evaluated in the
validation study had the following

performance:

- accuracy: 83% (50/60 chemicals or
chemical mixtures)
sensitivity: 82% (23/28 chemicals or
chemical mixtures)
specificity: 84% (27/32 chemicals or
chemical mixtures)
false positive rate: 16% (5/32)
false negative rate: 18% (5/28)
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able to
and

Furthermore, EPISKINO was
distinguish between known R35/I
R34/11 & 111 chemicals.

Inter- and intra-laboratory reproducibility of
EPISKINO was also evaluated by Fentem et
al. (1998). In each laboratory, each
chemical was tested three times using three
different batches of EPISKINO. Of the 60
chemicals tested, 42 gave the same
corrosivity classification in all three tests in
all three laboratories. Discordant results for
the remaining chemicals were as follows:
one of nine tests for six chemicals, two to
three of nine tests for seven chemicals, and
four to five of nine tests for the remaining
five chemicals. The study concluded that
EPISKINO had acceptable intra- and inter-
laboratory reproducibility (Fentem et al.,
1998).

EpiDerm™ (EP1-200)

EpiDermO (EPI-200) is commercially
available from MatTek Corporation,
Ashland, MA, USA. The EpiDermO (EPI-
200) skin model is mechanistically and
functionally related to EPISKINO. The
assay consists of normal human epidermal
keratinocytes which have been cultured in
chemically defined medium to produce a
stratified, highly differentiated, organotypic
tissue model of the human epidermis. The
EpiDermO (EPI-200) tissue consists of

tuN packing group classifications I, Il, and Ill are
assigned based on the capacity of a chemical, when
tested on the intact skin of rabbits, to produce skin
corrosion following exposure intervals of 3 minutes,
1 hour, or 4 hours, respectively (Fentem et a., 1998).
EU regulations require classification of chemicals
according to certain risk phases, such as those
assigned based on whether the chemica causes
corrosion following a 3-minute application (R35 —
“causes severe burns’; analogous to packing group )
or 4 hours (R34 — “causes burns’; analogous to
packing groups Il and Ill) (Barratt et a., 1998;
Fentem et a., 1998).
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metabolically and mitotically active cells
which are organized into basal, spinous, and
granular layers along a multi-layered
stratum corneum (MatTek Corporation,
2000). Like EPISKINO, the EpiDermO
(EPI-200) tissue approximates the barrier of
normal human skin, and the topical mode of
application of the test material in EpiDermO
(EPI-200) mimics the route of human
exposure. For use in corrosivity testing, the
test material (liquids and semi-solids: 50 ni;
solids: 25 mg plus 25 m of H20) is applied
to a tissue for three and 60 minutes. For
each test substance, duplicate plates are
analyzed at each test period. As with
EPISKINO, cell viability is assessed by
measuring mitochondrial activity using the
MTT assay. A test chemical is classified as
corrosive if it induces 250% decrease in
relative cell viability at 3 minutes or 385%
decrease in relative cell viability at 60
minutes.

ECVAM conducted an independent
validation study on EpiDermO (EPI-200) as
an in vitro replacement assay for in vivo
corrosivity testing (Liebsch et al., 2000).
Twenty-four chemicals representative of the
60 chemicals tested in the Fentem et al.
(1998) ECVAM validation study for the
EPISKINO assay were tested.  The 24
chemicals selected included 12 corrosive
and 12 noncorrosive chemicals composed
of; organic acids and bases, neutral organic
bases, phenols, inorganic acids and bases,
electrophiles, and surfactants.

The database used in the evaluation of
EpiDermO (EPI-200) consisted of data from
the ECVAM pre-validation/validation study
only (Liebsch et al., 2000); other data were
not located. (see Section 2.0) Based on an
analysis of the results of 24 chemicals and
chemical mixtures evaluated in the
validation study, EpiDermO (EPI-200) had
the following performance:
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accuracy: 92% (22/24 chemicals or
chemical mixtures)

sensitivity: 92% (11/12 chemicals or
chemical mixtures)

specificity: 83% (10/12 chemicals or
chemical mixtures).

false positive rate: 17% (2/12)

false negative rate: 8% (1/12)

Unlike EPISKINO, EpiDermO (EPI-200)
was not able to distinguish between known
R35/1 and R34/11 & 111 chemicals.

Intra- and inter-laboratory reliability was
evaluated by testing each chemical twice,
using different tissue lots, in each of three
laboratories. Of the 24 chemicals tested, 19
gave the same corrosivity classification in
the two replicates in all three laboratories
(six tests).  Discordant results for the
remaining chemicals were as follows: one
of six tests for three chemicals and two of
six tests for two chemicals. Based on the
results obtained, the study concluded that
EpiDermO (EPI-200) provided excellent
reliability (Liebsch et al., 2000).

Rat Skin TER

Transcutaneous electrical resistance is
measured using an AIM electronic
databridge 401 or 6401, which is
commercially available from H. Tinsley and
Co., New Addington, Croydon, Surrey, UK.
In the Rat Skin TER assay, test materials
(liquids: 150 mL; solids 100 mg plus 150 L
of water) are applied for two and 24 hours to
the epidermal surfaces of skin discs obtained
from the skin of humanely killed young rats.
Nine to 15 discs can be prepared from one
rat pelt which can be used to test up to five
chemicals. Corrosive materials produce a
loss of normal stratum corneum integrity
and barrier function, which is measured as a
reduction of the inherent transcutaneous
electrical resistance below a predetermined
threshold level of 5 kW.
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A prevalidation study of the Rat Skin TER
assay was conducted during 1993 and 1994
(Botham et al., 1995) to evaluate the relative
performance and interlaboratory variability
of the method. Subsequently, in 1997, the
Rat Skin TER method was also evaluated in
an ECVAM validation study as an
alternative for traditional in vivo testing
using the same 60 chemicals and chemical
mixtures as EPISKINO (Fentem et al.,
1998).

The database used in the TER evaluation
consisted of data from three published
sources (Botham et al., 1992; Botham et al.,
1995; Fentem et al., 1998). Based on a
database of 122 chemical and chemical
mixtures, TER had the following
performance:
- accuracy: 81% (99/122 chemicals or

chemical mixtures)

sensitivity: 94% (51/54 chemicals or

chemical mixtures)

specificity: of 71% (48/68 chemicals

or chemical mixtures)

false positive rate: 29% (20/68)

false negative rate: 6% (3/54)

These performance characteristics were not
different when the Botham et al. (1992) and
(1995) studies were evaluated independently
of the ECVAM validation study (Fentem et
al., 1998). The Rat Skin TER assay was not
capable of classifying chemicals or chemical
mixtures by UN corrosivity packing group.

In the ECVAM validation study (Fentem et
al., 1998), the intra- and inter- laboratory
reliability was evaluated. Inter- and intra-
laboratory reproducibility were
approximately equivalent, with no evidence
of  systematic  differences  between
experiments within a laboratory. Of the 60
chemicals tested, 37 gave the same
corrosivity classification in both
experiments in all three laboratories (Six
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tests). Discordant results for the remaining
chemicals were as follows: one of six tests
for 11 chemicals and two to three of six tests
for 12 chemicals. ECVAM concluded the
TER assay had acceptable reproducibility.

ICCVAM Recommendations

Draft proposed test recommendations were
developed by the ICCVAM Corrosivity
Working Group (CWG), which was
composed of Federal Agency scientists who
have experience and/or expertise with

corrosivity  testing. These proposed
recommendations  were endorsed by
ICCVAM and made available with

background review materials for a 45-day
public comment period as announced in a
September 28, 2001, Federal Register notice
(Appendix D).

Twenty-one public comments were received
and considered by the CWG, which then
drafted final test recommendations that were
forwarded with the public comments for
consideration by ICCVAM. The ICCVAM
revised and approved the final test
recommendations in May, 2002.

Based on an evaluation of the ECVAM
validation studies and all other available
data, ICCVAM concludes that there are
sufficient data to substantiate the use of
these assays for assessing the dermal
corrosion potential of chemicals in a weight-
of-evidence approach in an integrated
testing scheme (OECD, 2001b; OECD,
2001d). EPISKINO, EpiDermO (EPI-200),
and Rat Skin TER are not appropriate
methods for assessing irritation.  The
integrated testing schemes for dermal
irritation/corrosion allow for the use of
validated and accepted in vitro methods. In
this approach, positive in vitro corrosivity
responses do not generally require further
testing and can be used for classification and
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labeling.  Negative in vitro corrosivity
responses would be followed by in vivo
dermal irritation/corrosion testing. (Note:
The  first animal used in the
irritation/corrosivity assessment would be
expected to identify any chemical corrosives
that were false negatives in the in vitro test).
Furthermore, as is appropriate for any in
vitro assay, there is the opportunity for
confirmatory testing if false positive results
are indicated based on a weight-of-evidence
evaluation of supplemental information,
such as pH, structure-activity relationships
(SAR), and other chemical and testing
information.

ICCVAM concludes also that each of the
three in vitro corrosivity — methods
sufficiently consider and incorporate, where
scientifically feasible and applicable, the
3Rs of animal use alternatives (refinement,
reduction, and replacement). When
EpiDermO (EPI-200) and EPISKINO are
used as part of the integrated testing strategy
for corrosivity/irritation, there is a reduction
in the number of animals required because
positive results usually eliminate the need
for animal testing, and when further testing
in animals is determined to be necessary,
only one animal could be required to
identify a corrosive chemical (one animal is
used if the in vitro test is negative).
Compared to the rabbit corrosivity test, the
Rat Skin TER method reduces the number
of animals used because skin from only one
rat may be used to test up to five chemicals.
Similar to EpiDermO (EPI-200) and
EPISKINO, use of the Rat Skin TER assay
as part of the integrated testing strategy for
corrosivity/irritation reduces and refines the
use of animals when negative in vitro results
are obtained.
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ICCVAM Evaluation of In Vitro Methods
for Assessing the Dermal Corrosivity Potential of Chemicals:
EPISKIN™, EpiDerm™ (EPI1-200 Model), and
Rat Skin Transcutaneous Electrical Resistance (TER)

Public Law 106-545 directs the Interagency
Coordinating Committee on the Validation
of Alternative Methods (ICCVAM) to
evaluate new, revised and alternative test
methods, and to develop and forward test
recommendations to appropriate Federal
agencies. ICCVAM recently evaluated and
developed test recommendations for three in
vitro methods for assessing the dermal
corrosivity potential of chemicals. The
methods are:
- EPISKINO

EpiDermO (EPI-200)

Rat Skin Transcutaneous Electrical

Resistance (TER) Assay

Draft proposed test recommendations were
developed by the ICCVAM Corrosivity
Working Group (CWG), which is composed
of Federal Agency scientists who have
experience and/or expertise with corrosivity
testing. These proposed recommendations
were endorsed by ICCVAM and made
available with background review materials
for a 45-day public comment period as
announced in a September 28, 2001 Federal
Register notice (NIEHS 2001, Appendix D).
Written public comments were received
from 15 individuals and six organizations;
these comments are provided in Appendix
E. The comments were considered by the
CWG, which then drafted final test
recommendations that were forwarded to
and approved by ICCVAM in May 2002.

1.1 Introduction

ICCVAM has developed test
recommendations for the use of three in
vitro test methods to assess the dermal

ICCVAM Test Recommendations

corrosivity potential of chemicals and
chemical mixtures: EpiDermO (EPI-200),
EPISKINO, and the Rat Skin TER assay.
Validation studies for these methods were
conducted by the European Centre for the
Validation  of  Alternative  Methods
(ECVAM) (Baratt et al., 1998; Fentem et al.,
1998; Liebsch et al., 2000). The validation
status of these three methods has been
evaluated by the ECVAM Scientific
Advisory Committee (ESAC) (Balls and
Corcelle, 1998; Balls and Hellsten, 2000),
and EPISKINO and Rat Skin TER have also
been evaluated by the European
Commission’s Scientific Committee for
Cosmetic Products and Non-food Products
(SCCNFP) (SCCNFP, 1998). The three
methods have been adopted for regulatory
use within the European Union (EU) by the
European Commission (EU, 2000). The
EPISKINO human skin model is
commercially available from EPISKIN
SNC, Lyon, France, a wholly owned
subsidiary of L’OREAL. EpiDermO (EPI-
200) is commercially available from MatTek
Corporation, Ashland, MA, USA. In the
TER assay, transcutaneous electrical
resistance is measured using an AIM
electronic databridge 401 or 6401, which is
commercially available from H. Tinsley and
Co., New Addington, Croydon, Surrey, UK.

ICCVAM Expedited Review Process

ICCVAM used an expedited test method
review process to consider these three
methods because they had already been
evaluated by ECVAM (ICCVAM, 2001).
The ICCVAM CWG considered background
review documents prepared by the NTP
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Interagency Center for the Evaluation of
Alternative Methods (NICEATM) for each
of the three corrosivity methods. Based on
the information provided and previous
reviews, a formal independent scientific peer
review panel evaluation was not considered
necessary. In accordance with the expedited
review process procedures, the CWG
developed proposed test recommendations
which were reviewed and endorsed by
ICCVAM. A Federal Register notice
(September 28, 2001, Vol. 66, No. 189,
pp.49685-6) announced the availability and
requested public comment on the proposed
recommendations and the test method
background review documents (Appendix
D). These public comments are discussed
below in Section 1.2.3 of this document and
are provided in Appendix E. Following
receipt and consideration of public
comments, ICCVAM prepared final
recommendations on these methods. In
accordance with Public Law 106-545, these
ICCVAM  recommendations  will  be
forwarded to U.S. agencies for their
consideration and  acceptance  where
appropriate.

1.2 Background

1.2.1 ECVAM Evaluation

Validation studies on these three in vitro
assays were conducted by ECVAM (Barratt
et al., 1998; Fentem et al., 1998; Liebsch et
al., 2000). Based on the results, which met
pre-study acceptance criteria of no more
than 20% false negatives and no more than
20% false positives, the ECVAM Study
Management Team  concluded that
EpiDermO (EPI-200), Rat Skin TER, and
EPISKINO were scientifically valid for use
as replacements for the animal test
currently used to distinguish between
corrosive and non-corrosive chemicals for
all chemical classes (Fentem et al., 1998;
Liebsch et al., 2000). Of the three test

methods, only EPISKINO was able to
distinguish between chemicals in the EU
skin corrosion hazard classes (R35 and
R34) and for two of the three United
Nations (UN) packing group classifications
(1 and II/lIl) (Fentem et al., 1998)." A
detailed review of these validation studies
is described in this final report (ICCVAM,
2002).

1.2.2 Relevant Comments from an
OECD Expert Consultation
Meeting

In 1999, the Organisation for Economic Co-

operation and Development (OECD)

proposed a draft test guideline (TG)

describing the Rat Skin TER assay and a

generic in vitro skin model assay (OECD,

1999). A generic skin model assay

procedure was proposed rather than the

specific EPISKINO and EpiDermO (EPI-

200) test method protocols because of

OECD’s policy not to adopt TGs for tests

that require equipment or material that can

only be obtained from unique sources.

OECD requested review of the draft TG by

member countries in 2000.  Extensive

comments were received, and an Extended

Expert Consultation Meeting was convened

in Berlin, Germany on November 1-2, 2001

to address these comments and other

technical issues.

1 UN packing group classifications I, 11, and 111 are
assigned based on the capacity of a chemical, when
tested on the intact skin of rabbits, to produce skin
corrosion following exposure intervals of 3 minutes, 1
hour, or 4 hours, respectively (Fentem et al., 1998).
Current EU regulations require classification of
chemicals according to certain risk phrases, such as
those assigned based on whether the chemical causes
corrosion following a 3-minute application (R35 -
“causes severe burns”; analogous to packing group I) or
4 hours (R34 — “causes burns”; analogous to packing
groups Il and 111) (Barratt et al., 1998; Fentem et al.,
1998). Internationally harmonized classification
schemes for corrosivity, which include the UN packing
group classifications, have recently been adopted
(OECD, 2001a).

ICCVAM Test Recommendations



ICCVAM Review of In Vitro Dermal Corrosivity Methods Section 2.0

Section 2.0

EPISKIN™

EPISKINO 7



Section 2.0 ICCVAM Review of In Vitro Dermal Corrosivity Methods

[This Page Intentionally Left Blank]

8 EPISKINO



ICCVAM Review of In Vitro Dermal Corrosivity Methods

Section 1.0

The meeting experts agreed to prepare two
separate test guidelines, one for the TER,
and one for the human skin test model. With
regard to use of these methods, the Expert
Meeting participants agreed that, in the
majority of all applications, the in vitro skin
corrosion tests would be applied as one of
the initial steps of a tiered approach.
Consequently, false negative predictions are
likely to be detected when the test chemical
is tested on the first rabbit for skin irritation
(OECD, 2002c). The deliberations at the
meeting did not change the general
procedures for the generic human skin
model assay; however, the following
revisions were proposed for the TER assay:

Rat Skin TER Assay

Substances with a resistance value
greater than 5 kW are considered non-
corrosive. Most test substances typically
have produced resistance values in two
ranges, <3 kW (positive) and >10 kW
(negative). It was recommended that if
the resistance value for a test substance
is close to the 5 kW decision criteria, a
judgment of whether to classify the
substance as positive or negative should
consider a weight-of-evidence strategy
or assume the more conservative
approach, based on regulatory needs. If
classified as positive, the standard
positive confirmatory dye-binding test to
demonstrate physical destruction of the
stratum corneum should be conducted to
avoid a false positive classification.
Several critical aspects of the test system
were defined, including the surface area
of skin used, the use of magnesium
sulfate (MgSQ,) as the electrochemical
solution for measuring resistance, and
the age of the animals.

Two revised draft test guidelines were

subsequently circulated for comment in
March 2002, and further revised for

ICCVAM Test Recommendations

consideration at the Test Guideline Program
National Coordinators Meeting in June,
2002.  Both guidelines were accepted
pending further revisions agreed on at the
meeting (personal communication, June
2002, Angela Auletta, U.S. EPA,
Washington, D.C.).

1.2.3 Public Comments

Twenty-one public comments were received
in response to the September 28, 2001
Federal Register notice. Three of the 21
responses provided general comments about
the Background Review Document (BRD),
stating that it was well organized,
comprehensive and clearly written. The
remaining comments addressed specific
aspects of the proposed test
recommendations as discussed below.

Integrated testing scheme vs. stand-alone
Seventeen of the 21 public responses
disagreed with or stated opposition to the
proposed ICCVAM recommendation that
these three in vitro methods should be used
in the context of a weight-of-evidence
approach in an integrated scheme, where
negative in vitro corrosivity responses
would be followed by in vivo dermal
irritation/ corrosion testing. Three of the 21
comments stated that the three in vitro tests
should be used as stand-alone tests, such that
negative results would be classified as non-
corrosives without further confirmatory
testing.

ICCVAM recognizes that it would be highly
desirable to completely replace animals for
corrosivity testing. However, the current
performance characteristics resulting from
validation studies of these in vitro assays do
not adequately support their use as stand-
alone assays for hazard classification.
Specifically, the results of the ECVAM
validation studies indicate that significant
false negative results may occur with these
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assays (12% for TER; 13% for EpiDermO
(EPI-200); 17% for EPISKINO) (Fentem et
al., 1998; Liebsch et al., 2000). In such
instances, a false negative result for a
corrosive  chemical would result in
erroneous classification as a non-corrosive.
Accordingly, the corrosive chemical would
not be labeled with appropriate hazard
warnings of corrosivity. Serious and
irreversible damage can result from human
exposure to corrosive substances, including
dermal ulceration and scarring. Given that
results of dermal corrosion are often used by
regulators to identify corrosives to the eye,
false negative responses in the in vitro
dermal corrosion tests will fail to identify
potential serious effects to the eye for 12-
17% of true dermal corrosives. Therefore,
this level of error was not considered by
ICCVAM to provide adequate protection for
public health and safety. ICCVAM is also
cognizant of the fact that nearly all
regulatory authorities that require corrosive
testing also require a determination of
dermal irritation potential if substances are
not found to be corrosive. Current
international guidance and test guidelines
for dermal irritation/corrosion call for
sequential testing, so that if a corrosive
substance is erroneously identified in the in
vitro test as non-corrosive, it will be
detected as corrosive in an in vivo irritancy
test (EPA, 1998; OECD 200la, OECD
2001b; Worth, et al. 1998). In vitro tests for
irritancy are being developed and may be
coupled with in vitro corrosion tests. Such
test strategies will need to be evaluated for
their ability to correctly identify corrosive
and irritant chemicals that produce false
negative results in such in vitro tests. Thus,
as outlined in Section 1.3, ICCVAM
concludes that the false negative rates
obtained in these three in vitro assays
preclude their use as stand-alone assays.
Instead, these assays should be considered
as screens, where positive results are

classified as corrosives and negative results
require  further testing for corrosive
potential.

General test method guideline vs. specific
validated test method protocols

One comment suggested using a general
“skin model corrosivity test” description
rather than the specific test method protocols
for EpiDermO (EPI-200) and EPISKINO.
The basis for this suggestion was: 1) the 2
assays are similar with regard to test
material exposure, endpoints, prediction
models, and predictive power; and 2) this
would better allow the future use of other
skin models that are similar with regard to
structure and function and that perform
comparably to these previously validated
skin  models. The respondent also
acknowledged that this would require the
development of structural and performance
criteria, including a set of reference
chemicals, to evaluate such new skin
models.

While ICCVAM recognizes the increased
flexibility —of general test method
descriptions, it also recognizes the critical
importance of determining the acceptability
of validated specific protocols for which the
reliability and performance characteristics
have been carefully determined. The use of
protocols that adhere to a general test
method description but have not been
adequately validated could lead to erroneous
results. Therefore, ICCVAM is only
recommending validated, specific test
method protocols.  However, ICCVAM
appreciates that similar test methods could
be found to be acceptable if adequate
performance and reliability are demonstrated
for a standardized test method protocol in
appropriate  validation  studies. The
provision of a list of reference chemicals
and minimum performance criteria would

ICCVAM Test Recommendations
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certainly be helpful to those interested in
validating such models in the future.

Concern about limited availability

Another comment suggested revising the
BRD and related documents to remove any
reference to EPISKINO, or alternatively, to
include a qualifying statement regarding the
current commercial unavailability of this
human skin model. The basis for the
comment was to avoid recommending a test
method that is not otherwise commercially
available. ICCVAM has added a statement
regarding the current availability of each
assay.

1.3 ICCVAM Test Method
Recommendations

EPISKIN™, EpiDerm™ (EPI-200), and
Rat Skin  Transcutaneous Electrical
Resistance (TER)

Based on evaluation of the ECVAM
validation studies and other available data,
ICCVAM concludes that there are sufficient
data to substantiate the use of these three in
vitro assays for assessing the dermal
corrosion potential of chemicals in a weight-
of-evidence approach in an integrated
testing scheme (EPA, 1996; OECD, 2001c;
OECD, 2001d; OECD, 2001e; OECD,
2001f; Worth, et al. 1998). EPISKINO,
EpiDermO (EPI-200), and Rat Skin TER
are not appropriate methods for assessing
irritation.  Integrated testing schemes for
dermal irritation/corrosion allow for the use
of validated and accepted in vitro methods.
In this approach, positive in vitro corrosivity
responses do not generally require further
testing and can be used for classification and
labeling.  Negative in vitro corrosivity
responses shall be followed by in vivo
dermal irritation/corrosion testing. (Animals
used in the irritation/corrosivity assessment
would be expected to identify any chemical
corrosives that were false negatives in the in

ICCVAM Test Recommendations

vitro test). Furthermore, as is appropriate
for any test system, there is the opportunity
for confirmatory testing if false positive
results are indicated based on a weight-of-
evidence evaluation of supplemental
information, such as pH, structure-activity
relationships (SAR), and other chemical and
testing information.

ICCVAM previously evaluated another in
vitro method for determining corrosivity,
Corrositex®  (ICCVAM, 1999), and
recommended that it could be used in a
similar manner as recommended for
EPISKINO, EpiDermO (EPI-200), and Rat
Skin TER. Corrositex® is also approved by
the U.S. Department of Transportation for
identifying the three United Nations packing
group classifications for certain chemical
classes (ICCVAM, 1999; U.S. DOT, 2000).
The ICCVAM report on Corrositex® is
available at http://iccvam.niehs.nih.gov/
docs/reports/corprrep.pdf.

Animal Welfare Considerations

ICCVAM concludes that each of the three in
vitro  corrosivity methods  sufficiently
incorporates, where scientifically feasible
and applicable, the 3Rs of animal use
alternatives (refinement, reduction, and
replacement). When EpiDermO (EPI-200)
and EPISKINO are used as part of an
integrated testing strategy for irritation/
corrosion, there is replacement of animals
because positive in vitro results usually
eliminate the need for animal testing. There
is a reduction in animal use with negative in
vitro results because only one positive
animal may be needed to identify an in vitro
false negative as a corrosive chemical.
Compared to the rabbit corrosivity test, the
Rat Skin TER assay reduces the number of
animals used because skin from one rat may
be used to test up to five chemicals. Similar
to EpiDermO (EPI-200) and EPISKINO,
use of the Rat Skin TER assay as part of the
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integrated testing strategy for irritation/
corrosion reduces and refines the use of
animals when negative in vitro results are
obtained.
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PURPOSE

This report focuses on the performance of
EPISKINO to determine the usefulness and
limitations of the assay for the identification
of potential human corrosive chemicals.
This report also discusses how the
EPISKINO assay compares to the in vivo
rabbit skin corrosivity test and to other in
vitro  corrosivity  tests (Rat  Skin
Transcutaneous Electrical Resistance [TER],
EpiDermO [EPI-200], and CorrositexO).
The data and assessments in the European
Centre for the Validation of Alternative
Methods (ECVAM) formal validation study
on EPISKINO (Barratt et al., 1998; Fentem
et al., 1998) were reviewed. Additionally,
an independent analysis of the performance
data, based on the information provided in
Fentem et al. (1998), was conducted.

EVALUATION OF REGULATORY
AND SCIENTIFIC RATIONALE

EPISKINO is one of several in vitro
corrosivity assays evaluated as alternatives
to the in vivo rabbit corrosivity test by
ECVAM in a formal validation study
(Fentem et al., 1998). EPISKINO is a
three-dimensional human skin model that
measures cell viability. Because it is a
human skin model, it may be more relevant
to assessing human skin corrosivity potential
than a test based on skin from another
species.  Also, the mode of application
(topical) of the test material mimics the
route of human exposure.

EPISKINO has been endorsed by the
ECVAM Scientific Advisory Committee for
use in corrosivity testing in Europe (Balls
and Corcelle, 1998) and EPISKINO has
also been evaluated and endorsed for its
intended use by the European Commission
Scientific Committee for Cosmetic Products
and Non-food Products (SCCNFP) (Anon.,

Summary Report of the EPISKIN& Assay

1999). This method has been adopted for
regulatory use within the European Union
(EU) by the European Commission (EU,
2000).

EVALUATION OF THE  TEST
METHOD

A standard kit contains media, reagents, and
12 epidermis units. The epidermis units
provided in the test kit are comprised of a
reconstructed epidermis and a functional
stratum corneum. For use in corrosivity
testing, the test material (liquids: 50 ni;
solids: 20 mg) is topically applied to an
epidermis unit for 3, 60, and 240 minutes.
Per test compound, one epidermis unit is
needed for each of the three test periods.
Cell viability is assessed by measuring
mitochondrial activity using the MTT (a
tetrazolium salt) assay. A 35% decrease in
cell viability is used to indicate a potential
for human corrosivity. The scientific and
mechanistic basis of the test and the
rationale for using a 35% decrease in cell
viability as the criterion for identifying
potential human corrosivity were not
discussed by Fentem et al. (1998).
However, mechanistically, corrosivity is
associated with cell death.

EVALUATION OF TEST METHOD
DATA QUALITY

Only limited validation test data are
available on EPISKINO. In the single
published validation study by Fentem et al.
(1998), ECVAM evaluated 60 chemicals.
The chemical selection procedure was
described in sufficient detail by Barratt et al.
(1998). The main criterion for including
chemicals in the study was that their
corrosivity classification (C= corrosive; NC
= noncorrosive) was based on unequivocal
animal data (Barratt et al.,, 1998). The
ECVAM validation chemical test set

11
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included organic acids (6C/5NC), organic
bases (7C/3NC), neutral organics (9NC),
phenols (2C/3NC), inorganic acids (6C/1
NC), inorganic bases (2C/2NC), inorganic
salts (1C/2NC), electrophiles (3C/5NC), and
soaps/surfactants (3NC). Despite the small
numbers of chemicals in some categories,
ECVAM concluded that the set of test
chemicals represented the best possible
group for evaluating the performance
characteristics of the in vitro assays, given
the limited availability of unequivocal
animal data (Barratt et al., 1998).

Each chemical was tested three times by
each of three different laboratories. The
tests were stated to have been conducted in
the "spirit" of GLP (Fentem et al., 1998). A
formal audit of the ECVAM data by a
Quality Assurance Unit was not conducted;
however, it was stated that all data submitted
by the participating laboratories were
verified against the original data sheets by
ECVAM staff on at least three separate
occasions.

EVALUATION OF TEST METHOD
PERFORMANCE

For this summary report, an analysis was
conducted, similar to the performance
analysis conducted for the ICCVAM Peer
Review of CorrositexQO; the current analysis
evaluated the performance characteristics of
the EPISKINO assay against the
corresponding in vivo rabbit corrosivity data.
The database used in the EPISKINO
evaluation consisted of data from the
ECVAM validation study only; other data
were not located. For ease of comparison,
chemicals evaluated in the EPISKINO assay
were classified into the same chemical and
product class designations used in the
CorrositexO evaluation. A  weight-of-
evidence approach was used for classifying
discordant results within or between

12

laboratories; in instances where discordant
results could not be resolved (i.e., there was
an equal number of positive and negative
calls), the chemical was eliminated from
inclusion in the performance calculations.

Based on the database of 60 chemicals and
chemical mixtures used in the validation
study (Table 2.1), EPISKINO had an
accuracy of 83% (50/60 chemicals or
chemical mixtures), a sensitivity of 82%
(23/28 chemicals or chemical mixtures), a
specificity of 84% (27/32 chemicals or
chemical mixtures), a false positive rate of
16% (5/32 chemicals or chemical mixtures),
and a false negative rate of 18% (5/28
chemicals or chemical mixtures).
Furthermore, EPISKINO was able to
distinguish  between known R35/I and
R34/11 & Il chemicals’. Based on these
data, which met pre-study acceptance
criteria of no more than 20% false negatives
and 20% false positives, the ECVAM study
Management  Team  concluded that
EPISKINO was valid for use as a
replacement for the in vivo rabbit skin test
for distinguishing between corrosive and
noncorrosive chemicals for all of the
chemical classes studied (Fentem et al.,
1998; Balls and Corcelle, 1998). Because of
the relatively small numbers of chemicals
evaluated in some chemical classes (i.e.,
cleaners and  detergents),  definitive
conclusions as to the adequacy of

uN packing group classifications I, I, and Ill are
assigned based on the capacity of a chemical, when
tested on the intact skin of rabbits, to produce skin
corrosion following exposure intervals of 3 minutes, 1
hour, or 4 hours, respectively (Fentem et al., 1998). EU
regulations  require classification of chemicals
according to certain risk phases, such as those assigned
based on whether the chemical causes corrosion
following a 3-minute application (R35 — “causes severe
burns”; analogous to packing group 1) or 4 hours (R34 —
“causes burns”; analogous to packing groups Il and I11)
(Barratt et al., 1998; Fentem et al., 1998).
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EPISKINO for some classes of chemicals
were difficult to make with a high degree of
confidence.  Additionally, no assessment
could be made with respect to mixtures.
However, it was stated that taking into
account the relative simplicity of the
mechanism of action of corrosives, this
method would be generally applicable
across all chemical classes (Fentem et al.,
1998).

EVALUATION OF TEST METHOD
RELIABILITY (REPEATABILITY/
REPRODUCIBILITY)

The inter- and intra-laboratory reliability of
EPISKINO was evaluated in the ECVAM
validation study (Fentem et al., 1998). In
each laboratory, each chemical was tested
three times using three different batches of
EPISKINO. Intra- and inter-laboratory
reliability was evaluated using a relative
mean square diagram (determined using a
two-way ANOVA with laboratory and
experiments as factors), scatter diagrams to
assess the possibility of divergence between
results obtained in different laboratories, and
range diagrams to summarize the overall
performance of the tests. Of the 60
chemicals tested, 42 gave the same
corrosivity classification in all three
experiments in all three laboratories. In
seven cases, the median results for the three
laboratories gave identical predictions. In
only three cases did one laboratory give
results that were consistently in a different
classification category than those from the
other laboratories. In an additional three
cases, the median result from one laboratory
was in a different category than those from
the other laboratories, and in five cases,
chemicals gave results that crossed the
classification boundaries in more than one
laboratory. Although there were differences
for some chemicals in calls between
experiments within and between

Summary Report of the EPISKIN& Assay

laboratories, ECVAM concluded that
EPISKINO met the criteria agreed by the
Management Team concerning acceptable
intra- and inter-laboratory reproducibility
(Fentem et al., 1998). Due to the lack of
quantitative data, by experiment and
laboratory, for individual chemicals in the
published studies, no independent evaluation
of repeatability or reproducibility for
EPISKINO could be conducted. However,
after reviewing the intra- and inter-
laboratory  evaluations conducted by
ECVAM, it was concluded by NICEATM
that the analyses were appropriate and that
the conclusions were accurate.

13



Section 2.1 ICCVAM Review of In Vitro Dermal Corrosivity Methods

Table 2.1 Performance of the EPISKIN™ Assay in Predicting Corrosivity/Noncorrosivity Compared to In Vivo Findings (Fentem et al., 1998)

Chemical or Product Class Iglﬁr:rgiecra?sf % Accuraclz/lumber % SenSitiViI:l{meer % Spe<:iﬁcli\lthber
Overall 60 83 (50/60) 82 (23/28) 84 (27/32)
Organic and Inorganic Acids and Bases 41 78 (32/41) 81 (21/26) 73 (12/15)
Organic and Inorganic Bases and Base Mixtures® 14 64 (9/14) 60 (6/10) 75 (3/4)
Organic and Inorganic Acids and Acid Mixtures 20 85 (17/20) 100 (12/11) 67 (6/9)
Amines 10 60 (6/10) 57 417 67 (213)
Inorganic Bases and Base Mixtures 4 75 (3/4) 67 (213) 100 (2/7)
Acid Derivatives 7 86 (6/7) 80 (4/5) 100 (212)
Surfactants 5 80 (4/5) NA (0/0) 80 (4/5)
Industrial Chemicals 10 100 (10/10) 100 (1/1) 100 (9/9)
Cleaners and Detergents 1 100 (1/1) NA (0/0) 100 (1/1)

1 This chemical class includes chemicals from the following chemical classes: organic and inorganic bases and base mixtures, organic and inorganic acids and
acid mixture, and acid derivatives

2 This chemical class includes amines, inorganic bases, and base mixtures.
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OTHER SCIENTIFIC REVIEWS

In March 1999, a search of the open
literature was conducted to locate additional
EPISKINO  studies. Six databases
(Medline, Toxline, Embase, Biosis, Caba,
and LifeSci) were searched using the key
terms "Episkin”, and "Epi" within one word
of "skin". The search found no additional
relevant studies conducted with EPISKINO .
In May 2001, another search was conducted
to locate additional EPISKINO studies.
Four databases (PubMed, Web of Science,
Toxline, and Current Contents Connect)
were searched using the same search
strategy and no additional relevant studies
were found.

OTHER CONSIDERATIONS

The EPISKINO kit contains all of the
necessary materials to conduct the test and
does not require additional preparation. No
animals are used in this test. ECVAM
concluded that, compared to the in vivo test
method, EPISKINO costs less to perform
(Fentem et al.,, 1998). The cost for
conducting EPISKINO is reported by
L'OREAL Recherche (e-mail
communication from Odile de Silva,
L'OREAL Recherche) to be approximately
$450 per kit (Table 2.2). When compared
to other in vitro corrosivity test methods, the
cost of EPISKINO is stated to be greater
than that of the Corrositexa and EpiDermO
(EPI1-200) assays and somewhat less than the
Rat Skin TER (Fentem et al., 1998). ). The
EPISKINO  human skin  model is
commercialy available from EPISKIN
SNC, Lyon, France, a wholly owned
subsidiary of L’OREAL. The time needed
to conduct the EPISKINO assay is greater
than the CorrositexO assay, comparable to
the EpiDermO (EPI-200) assay, and less
than the Rat Skin TER assay.

Summary Report of the EPISKIN& Assay

RELATED ISSUES
Refinement, Reduction, and Replacement

Since the method is designed as a
replacement for animals, EPISKINO would
clearly reduce the requirement for animal
testing for corrosivity. Therefore, it has the
potential to eliminate the use of animals for
the determination of corrosivity. If used in
an integrated  approach, EPISKINO
provides for reduction and refinement of
animal use.

Comparison to Other In Vitro Assays
General comparative information on the

TER, EPISKINO, and Corrositexa assays
is provided in Tables 2.2 through 2.5.
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Table 2.2

General Comparison of the Rat Skin TER, EPISKIN™, EpiDerm™ (EP1-200),
and Corrositex® Assays

EPISKIN™ EpiDerm™ :
Rat Skin TER L (EPI1-200) (prediction | Corrositex®
(prediction model B) model 2)
Test MEt.hOd Acceptable Acceptable Acceptable Acceptable
Description
Adequacy/Completene | a¢contaple Acceptable Acceptable Acceptable
ss of Protocol
Acceptable Acceptable
nglsjsllnrfgs for (Bothr;m etal., Acceptable (Fentem et | Acceptable (Liebsch et (ICC{)/AM,
. . al., 1998 al., 2000
Corrosivity/Non- | 1992 1095: ’ ’ 1999)
corrosivity 1998)
Usefulness for Not Acceptable Can group as UN Not Acceptable Acceptable
Determining Packing (Fentem et al., packing group /111 or | (Liebsch et al., 2000) (ICCVAM,
Groups 1998) (Fentem et al., 1998)* ' 1999)
Acceptable Acceptable
Repeatability and (Botham et.al., Acceptable (Fentem et | Acceptable (Liebsch et | (Fentem et
Reproducibility 1992; 1995; al., 1998) al., 2000) al., 1998;
Fentem et al., ICCVAM,
1998) 1999)
Replaces
animal use
. when used as
) Replaces animal use a stand-alone
Animal Use Refines and when used as a stand- _ et
Refinement, reduces animal alone test. Refines and reduces :

use when used as

animal use when used

i . Refines and
Reduction, and a stand-alone test | Refines and reduces in an integrated testing | reduces
Replacement ; ; d | animal use when used ;
Considerations orin an integrated | - i i strategy. animal use

testing strategy. in an integrated testing when used in
strategy. an integrated
testing
strategy.
Cost ~$500-850/test ~$450/test kit ~$200/test chemical ~$30(_)/test
chemical
) £4
Study Duration 2 work-days 1 work-day 1 work-day hr/chemical

#Since the performance of EPISKIN& was not assessed for distinguishing between UN packing groups Il and 111, all
R34 classifications would be conservatively classified as UN packing group II.
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® One to three chemicals may be tested per test kit; however, it is recommended by the supplier that each test
chemical be assayed using 3 different skin batches/kits which equates to a total cost of ~$430/ test chemical.
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Table 2.3

General Comparison of the Rat Skin TER, EPISKIN™, EpiDerm™ (EPI-200),

and Corrositex® Assays Based on a Weight-of-Evidence Approach? by
Chemical using Data from the ECVAM and other Validation Studies (Fentem
etal., 1998; ICCVAM, 1999; Liebsch et al., 2000)

Rat Skin TER EPISKIN™ E(Blrzg:c?z:] ('nf(':(;e%%())) Corrositex®
Number of Chemicals 122 60 24 163
Overall Sensitivity” 94% (51/54) 82% (23/28) 92% (11/12) 85% (76/89)
Overall Specificity® 71% (48/68) 84% (27/32) 83% (10/12) 70% (52/74)
Overall Accuracy® 81% (99/122) 83% (50/60) 92% (22/24) 79% (128/163)
False Positive Rate 29% (20/68) 16% (5/32) 17% (2/12) 30% (22/74)
False Negative Rate 6% (3/54) 18% (5/28) 8% (1/12) 15% (13/89)
Test Chemical Inter- 34.7° 11.3° 12.3° 30.3°
'gggfrf?g’em of 3.8-322' 3.9-148.8' 0.9-51.2' 7.7-252.5'
Variation 120¢ 20¢ 1448 180°¢

A chemical is first classified as positive or negative for corrosivity within each laboratory based on the majority of

test results obtained (when replicate testing was conducted). Next, the chemical is classified as positive or
negative for corrosivity based on the majority of test results obtained in multiple laboratories (when multiple

laboratory studies were conducted). In instances where discordant results could not be resolved (i.e., there was an
equal number of positive and negative calls within or across laboratories), the chemical was eliminated from
inclusion in the performance calculations.

Sensitivity is defined as the proportion of all positive chemicals that are correctly classified as positive in a test.

Specificity is defined as the proportion of all negative chemicals that are correctly classified as negative in a test.

Accuracy (concordance) is defined as the proportion of correct outcomes of a method.

Median values

Range of values

9 The total number of independent values, which is calculated as the number of chemicals tested multiplied by the
number of participating laboratories.
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Table 2.4  General comparison of the Rat Skin TER, EPISKIN™, and EpiDerm™ (EPI-

200) assays from independent test results in the ECVAM validation studies
(Fentem et al., 1998; Liebsch et al., 2000)

i ™
ssanTeR | SRS G
(prediction
Number of Chemicals a 24
\T/Ziitggtiigfgt\ﬁy'\ﬂ (Fentem Stoal., 1998) (FenterrE]s %/tz;l,, 1998) (Liet;s(;:gol)?t -
Sensitivity® 88% (140/159) 83% (201/243) / 88% (87/99) 88% (63/72)
Specificity® 72% (142/196) 80% (237/297) / 79% (92/117) 86% (62/72)
Accuracy® 79% (282/355)° 81% (438/540) / 83% (179/216) | 87% (125/144)
False Positive Rate® 28% (54/196) 20% (60/297) / 21% (25/117) 14% (10/72)
False Negative Rate” 12% (19/159) 17% (42/243) | 12% (12/99) 13% (9/72)
Number of Trials 355 540/ 216 144
Test Chemical Inter- 34.7° 30.2° 12.3°
laboratory Coefficient of 10-322° 7.7-252.5° 0.9-51.2°
Variation 360" 540 144

to the 60 chemicals tested in the ECVAM Skin Corrosivity Test using EPISKINO (Barratt et al., 1998;
Fentem et al., 1998); the latter values correspond to a direct comparison of EpiDerm® (EPI-200) and
EPISKINO for the same 24 materials tested in both systems (Liebsch et al., 2000).

Sensitivity is defined as the proportion of all positive chemicals that are correctly classified as positive in a

The first numbers for accuracy, sensitivity, specificity, false positive rate, and false negative rate correspond

test. Specificity is defined as the proportion of all negative chemicals that are correctly classified as negative
in a test. Accuracy (concordance) is defined as the proportion of correct outcomes of a method. False positive

rate is defined as the proportion of all negative chemicals or chemical mixtures that are falsely identified as
positive. False negative rate is defined as the proportion of all positive chemicals or chemical mixtures that

are falsely identified as negative.

¢ The percentages are based on the number of correct trials among the total number of trials (i.e., independent
tests) provided in parenthesis.

Median values

Range of values

The total number of trials conducted in the validation study minus the non-qualified (NQ) results. This

number is equal to the number of chemicals multiplied by the number of participating laboratories multiplied
by the number of replicate tests.

Summary Report of the EPISKIN& Assay
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Table 2.5 Classification Results from the ECVAM Validation Studies of Rat Skin TER,
EPISKIN™, and EpiDerm™ (EP1-200) Assays as Compared to the In Vivo
Classification (Fentem et al., 1998; Liebsch et al., 2000)
EpiDerm™
No.” Chemical Type In Vivo Rat Skin TER | EPISKIN™® | (EP1-200)
1 Hexanoic acid ORGAC R34/11&l11 R35 R35 N/A
29 |65/35 Octanoic/decanoic acid ORGAC R34/11&I11 R34 R35 N/A
36 |2-Methylbutyric acid ORGAC R34/11&l11 R35 R34 N/A
40 |Octanoic acid (caprylic acid) ORGAC R34/11&l11 R35 R34/C C
47 160/40 Octanoic/decanoic acids ORGAC R34/11&I11 R34 R34/C C
50 |55/45 Octanoic/decanoic acids ORGAC R34/11&I11 R35 R34 N/A
7 |3,3-Dithiodipropionic acid ORGAC NC NC NC N/A
12 |Dodecanoic acid (lauric acid) ORGAC NC NC NC NC
26 |lIsotearic acid ORGAC NC NC NC NC
34 |70/30 Oleine/octanoic acid ORGAC NC NC NC N/A
58 |10-Undecenoic acid ORGAC NC NC R34 N/A
2 |1,2-Diaminopropane ORGBA R35/1 R35 R34/C C
15 |Dimethyldipropylenetriamine ORGBA R35/1 R35 R34/C C
38 |Tallow amine ORGBA R35/11 2R34/2NC/2NQ NC N/A
55 |1-(2-Aminoethyl)piperazine ORGBA R34/11 R35 NC N/A
13 |3-Methoxypropylamine ORGBA R34/11&l11 R35 R34 N/A
17  |Dimethylisopropylamine ORGBA R34/11&l11 R35 R34/C C
45 |n-Heptylamine ORGBA R34/11&l11 R35 NC C
10 |2,4-Xylidine (2,4-Dimethylaniline) | ORGBA NC R34 R34 N/A
35 |Hydrogenated tallow amine ORGBA NC NC NC NC
59 |4-Amino-1,2,4-triazole ORGBA NC NC NC NC
8 |Isopropanol NORG NC NC NC N/A
11 |2-Phenylethanol NORG NC NC NC N/A
16 [Methyl trimethylacetate (referred to
as Methyl 2,2-dimethylpropanoate NORG NC NC NC C
in EpiDermO (EPI-200)
19 |Tetrachloroethylene NORG NC NC NC NC
22 |n-Butyl propionate NORG NC NC NC N/A
27 |Methyl palmitate NORG NC NC NC N/A
44 |Benzyl acetone NORG NC NC NC NC
51 |Methyl laurate NORG NC NC NC N/A
56 [1,9-Decadiene NORG NC NC NC NC
3 |Carvacrol PHEN R34/11&III R34 R34 N/A
23 |2-tert-Butylphenol PHEN R34/11&I1I R35 R34/C C
9  |o-Methoxyphenol (Guaiacol) PHEN NC NC R34 N/A
30 |4,4-Methylene-bis-(2,6-di-tert- PHEN NC NC NC N/A
butylphenol)
49  |Eugenol PHEN NC NC NC NC
20 Summary Report of the EPISKIN& Assay
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Table 2.5 (continued)
EpiDerm™
No.* Chemical Type In Vivo Rat Skin TER | EPISKIN™ " | (EPI-200)
4 |Boron trifluoride dihydrate INORGAC R35/1 R35 R35/C C
28 |Phosphorus tribromide INORGAC R35/1 R35 R35/C C
32 |Phosphorus pentachloride INORGAC R35/1 R35 R34 N/A
25 |Sulfuric acid (10% wt.) INORGAC R34/11&I11 R34 R34 N/A
57 |Phosphoric acid INORGAC R34/11 R35 R34 N/A
43 |Hydrochloric acid (14.4% wit) INORGAC R34/11&I11 R35 R34 N/A
53 |Sulfamic acid INORGAC NC R34 R34/C C
18 |Potassium hydroxide (10% aq.) INORGBA | R34/I1&II R35 R34/C C
42 |2-Mercaptoethanol,Na salt INORGBA R34/11&l11 R35 NC N/A
(45%aq.)
21 |Potassium hydroxide (5% aq.) INORGBA NC R35 R34 N/A
24 |Sodium carbonate (50% aq.) INORGBA NC R34 NC NC
20 |Ferric [iron (I11)] chloride INORGSAL R34/11 R35 R34 N/A
52 |Sodium bicarbonate INORGSAL NC R34 NC N/A
54 |Sodium bisulfite INORGSAL NC 3R34/3NC NC N/A
5 Methacrolein ELECTRO R34/11&l11 NC R34/C NC
14 |Allyl bromide ELECTRO R34/11&l11 R35 R34 N/A
48 |Glycol bromoacetate (85%) ELECTRO | R34/l1&IlI NC R34/C C
6  |Phenethyl bromide ELECTRO NC NC NC N/A
31 |2-Bromobutane ELECTRO NC 3R34/3R35 NC N/A
33 |4-(Methylthio)-benzaldehyde ELECTRO NC NC NC N/A
39 |2-Ethoxyethyl methacrylate ELECTRO NC NC NC N/A
46 |Cinnamaldehyde ELECTRO NC NC NC N/A
37 |Sodium undecylenate (33% aq.) SOAP NC R35 R34 N/A
41 |20/80 Coconut/palm soap SOAP NC NC NC N/A
60 |Sodium lauryl sulfate (20% aq.) SOAP NC R35 NC NC

Overall corrosivity classifications were determined by the majority of the reported results obtained from each assay.
If results do not show a majority, a definitive classification could not be determined.

Definitions are as follows: C = Corrosive; NC = Noncorrosive; R34 is equivalent to packing groups Il and/or I11;
R35 is equivalent of packing group I, except for tallow amine (R35/11); NQ = Non-qualified; N/A = Not applicable
because not tested; ORGAC = Organic acid; ORGBA = Organic base; NORG = Neutral organics; PHEN = phenol,;
INORGAC = Inorganic acid; INORGBA = Inorganic base; INORGSAL = Inorganic salt; ELECTRO = Electrophile;
SOAP = Soap surfactant

% Number assigned each chemical by the ECVAM Management Team.

® For EPISKINO, prediction model B was the more complex prediction model and was the only model considered
in detail by the ECVAM Management Team (Fentem et al., 1998).

Summary Report of the EPISKIN& Assay
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SUMMARY  CONCLUSIONS AND
RECOMMENDATIONS

ECVAM concluded that EPISKINO was an
in vitro replacement assay for in vivo
corrosivity testing. Although there were
differences for some chemicals in calls
between experiments within and between
laboratories, ECVAM concluded that
EPISKINO was both reliable and
reproducible. NICEATM concurs with that
conclusion. For some chemical or product
classes (e.g., industrial chemicals, cleaners
and detergents), the small number of
chemicals and/or the unbalanced distribution
of corrosive and noncorrosive chemicals
does not allow accurate conclusions to be
made on the performance of EPISKINO for
those chemical classes.

The two major questions to be addressed for
in vitro corrosivity assays are:

1. Has the assay been evaluated sufficiently
and is its performance satisfactory to
support the proposed use for assessing
the corrosivity potential of chemicals
and chemical mixtures?

2. Does the assay adequately consider and
incorporate, where scientifically
feasible, the 3Rs of animal use
(refinement, reduction, and replacement
alternatives)?  Does the assay offer
advantages with respect to animal
welfare considerations?

EPISKINO skin model was adequate for
assigning packing groups according to the
EU skin corrosion hazard classes (R34/R35)
and the UN packing group classifications (I
and 1I/111). However, since the performance
of EPISKINO was not assessed for
distinguishing between UN packing group Il
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and packing group I, all R34
classifications would be conservatively
classified as packing group 1.

In response to the second question,
EPISKINO sufficiently considers and
incorporates the 3Rs. Specifically, the use
of EPISKINO offers advantages with
respect to animal welfare considerations,
including animal use refinement, reduction,
and replacement. Similarly, the use of this
assay as part of an integrated approach
reduces and refines the use of animals by
providing a basis for decisions on further
testing. When this method is used as part of
the integrated testing strategy  for
corrosivity/irritation, there is a reduction in
the number of animals required because
positive results usually eliminate the need
for animal testing, and when further testing
in animals is determined to be necessary,
only one animal could be required to
identify a corrosive chemical (one animal is
used if the in vitro test is negative).

Summary Report of the EPISKIN& Assay
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ECVAM Protocol for EPISKIN™:

an In Vitro Assay
for Assessing Dermal Corrosivity

Original Draft: March 1997
Confirmed: January 2002

NOTE: This protocol presents the standard operating procedure used in the ECVAM Skin
Corrosivity Validation Study (1996/1997). ECVAM confirmed the accuracy of the SOP in
October 2000, and this protocol was supplied by Dr. Andrew Worth of ECVAM via email on
May 22, 2001.
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EPISKIN™ Test

The corrosivity potential of a chemical may be predicted by measurement of its cytotoxic effect, as
reflected in the MTT assay, on the EPISKIN™ reconstituted human epidermis.

Objectives and Application

TYPE OF TESTING . screening, replacement

LEVEL OF ASSESSMENT . toxic potential, toxic potency,
hazard identification

PURPOSE OF TESTING . classification and labelling

Proposed replacement for the in vivo Draize rabbit skin corrosivity test to be used for
hazard identification and classification of corrosive potential to fulfil international
regulatory requirements pertaining to the handling, packing and transport of chemicals.

Basis of the Method

Most international regulatory classification schemes define chemically induced dermal
corrosion as full thickness destruction (necrosis) of the skin tissue, while some extend the
definition of corrosion to include any irreversible alterations caused to the skin. The
potential to induce skin corrosion is an important consideration in establishing procedures
for the safe handling, packing and transport of chemicals. The determination of skin
corrosion potential is therefore included in international regulatory requirements for the
testing of chemicals, for example, in OECD testing guideline 404 (Anon., 1992); Annex
V of Directive 67/548/EEC (Anon., 1992) and in the U.S. Code of Federal Regulations
(Anon., 1991). Corrosivity is usually determined in vivo using the Draize rabbit skin test
(Draize et al., 1944).

The present test is based on the experience that corrosive chemicals show cytotoxic
effects following short-term exposure of the stratum corneum of the epidermis. The test
is designed to predict and classify the skin corrosivity potential of a chemical by
assessment of its effect on a reconstituted human epidermis.

EPISKIN Standard Model™ is a three-dimensional human skin model comprising a
reconstructed epidermis with a functional stratum corneum. Its use for skin corrosivity
testing involves topical application of test materials to the surface of the skin, and the
subsequent assessment of their effects on cell viability. Cytotoxicity is expressed as the
reduction of mitochondrial dehydrogenase activity measured by formazan production
from MTT. (Fentem et al., 1998)
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Experimental Description

Endpoint and Endpoint

Detection . cell viability as determined by reduction
of mitochondrial dehydrogenase activity
measured by formazan production from
MTT

Test System : EPISKIN™ reconstructed human
epidermis system *

Test materials are applied to the stratum corneum of the epidermal model (one epidermis unit
per test material) for three different exposure periods: 3 minutes, 1 hour, and 4 hours.
Exposure to the test chemical was terminated by rinsing with PBS (phosphate buffered
saline). EPISKIN cultures exposed to the control compounds for 240 min serve as the
controls for all three exposure periods. For each test material, three independent tests with
three different batches of EPISKIN are to be undertaken.

The viability of the epidermis is assessed by measuring the mitochondrial activity. The
tissues are incubated for 3 hours with MTT solution (0.3 mg/l; 2.2 ml per well). MTT, a
yellow-coloured tetrazolium salt, is reduced by succinate dehydrogenase into a blue
formazan precipitate in the mitochondria of living cells. The precipitated formazan is
extracted overnight by using acidified isopropanol (0.85 ml), and is then quantified
spectrophotometrically at a wavelength between 545nm and 595nm.

All experimental procedures have to be conducted at room temperature (18-28°C); if the
temperature is below 20°C, the 3-hour MTT incubation should be carried out in a warmer
environment of 20-28°C. NaCl (50 pl) and glacial acetic acid (50 pl) are used as negative
and positive controls, respectively.

Some highly reactive chemicals can produce fumes, which may affect adjacent units in the
same plate. It is recommended that if there is any suspicion that a material could cause
fumes, it should be tested alone in a single plate. It is particularly important that the negative
control units are not exposed to fumes from other units, hence it is recommended to routinely
incubate positive and negative controls in a separate plate.

NOTE: The commercial availability of EPISKIN (SADUC-Biomatériaux Imedex, Chaponost, France) was restricted
following the completion of the validation study to enable new production facilities to be completed. It is likely to be
available again during 2000. In a subsequent small catch up study, the EPIDERM nodel has been tested and accepted for
the assessment of the corrosive potential of chemical substances (INVITTOX No. 119).

Test Compounds

26

A total of 60 test compounds, consisting of 11 organic acids, 10 organic bases, 9 neutral
organics, 5 phenols, 7 inorganic acids, 4 inorganic bases, 3 inorganic salts, 8 electrophiles, 3
soaps/surfactants have been tested in the ECVAM validation study.

Details of the test compounds and test results are available in dbVas of ECVAM SIS.

EPISKINO Test Method Protocol
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Prediction Model

The test results are interpreted on the basis of the exposure time needed to cause cell
viability to decrease below 35%. The determination of the UN packing groups and EU
classifications is summarized in the table reported in the section 4.1. ""Interpretation of
test results™ of the present standard operating procedure.

Status

This method has been evaluated in the ECVAM Skin Corrosivity Validation Study
conducted under the auspices of ECVAM during 1996 and 1997 (Fentem et al., 1998).
The ECVAM Scientific Advisory Committee (ESAC) agreed that the results obtained
with the EPISKIN™ test in the ECVAM international validation study on in vitro tests
for skin corrosivity were reproducible, both within and between the three laboratories that
performed the test. The test proved applicable to testing of all the above reported
chemical classes of different physical forms. The concordances between the skin
corrosivity classifications derived from the in vitro data and from the in vivo data were
very good.

The test was able to distinguish between corrosive and non-corrosive chemicals for all of
the chemical types studied; it was also able to distinguish between known R35 (UN
packing group 1) and R34 (UN packing groups 1l & 111) chemicals. Based on the
outcome of the study, the ESAC unanimously endorsed the statement that the EPISKIN
test was scientifically validated for use as a replacement for the animal test and that this
test was ready to be considered for regulatory acceptance (10th meeting at ECVAM of
the ECVAM Scientific Advisory Committee, European Commission, March 1998).
(Anon., 1998b).

The 27" meeting of the Committee for Adaptation to Technical Progress of “Directive
67/548/EEC on the Classification, Packaging and Labelling of Dangerous Substances”
agreed that the human skin model assays, which meet certain criteria, would form part of
“Annex V method B.40. Skin Corrosion”, February 2000 (Commission Directive
2000/33/EC). Furthermore, these models are now under consideration for inclusion in

the OECD Guidelines.

Further details on the ECVAM Validation Study are available in dbVas of the ECVAM SIS.

Last update: May 2000

EPISKINO Test Method Protocol 27



Section 2.2 ICCVAM Review of In Vitro Dermal Corrosivity Methods

Y VaVa VoY YaYaYaVaVa VoYY Y ¥ ¥aVa VoY Y%V Va
Procedure Details, March 1997*
EPISKIN™ TEST

NOTE: This protocol presents the standard operating procedure used in ECVAM Skin
Corrosivity Validation Study (1996/1997).

CONTACT PERSON

Dr. David J. Esdaile,

Aventis Crop Science

E-mail: David.Esdaile@aventis.com

* The accuracy of the SOP has been confirmed in October 2000.

VaYaYaYaYaYaYaYaYaVaYaYaYaYaYaYaYaYaYaYaYaYaYaVa

1. Introduction
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Product Description

The EPISKIN-SM™ (Standard Model) kit contains 12 reconstructed epidermis units. Each
reconstructed epidermis unit consists of a human collagen (Types Il and I) matrix, representing the
dermis, covered with a film of Type IV human collagen, upon which stratified differentiated
epidermis derived from human keratinocytes has been laid. Test materials can be applied directly to
the stratum corneum.

Precautions

The epidermal cells are taken from healthy volunteer donors negative to anti-HIV 1 and 2,
and to hepatitis C, antibodies, and to hepatitis B antigens. Nevertheless, normal handling
procedures for biological materials should be followed:

(a) itis recommended that gloves are worn during handling; and

(b) after use, the epidermis, the material in contact with it, and the culture medium, should be
decontaminated (for example, by using a 10% solution of bleach or a 1% solution of
pyosynthene), prior to disposal.

Quality Control

EPISKIN-SM Kkits are manufactured according to defined quality assurance procedures
(certified 1SO 9001). All biological components of the epidermis and the kit culture medium
have been tested for the presence of viruses, bacteria and mycoplasma. The quality of the
final product is assessed by undertaking an MTT cell viability test and a cytotoxicity test
with sodium dodecylsulphate (SDS). For reasons connected with the nature of the product, it
is shipped before all of the necessary checks have been completed. A release form certifying
the conformity (or otherwise) of the batch is sent to the user, by fax, on the day of delivery of
the kit.

EPISKINO Test Method Protocol
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Section 2.2

2. Materials

2.1. KIT CONTENTS

DESCRIPTION

USE

1 EPISKIN-SM plate containing 12
reconstructed epidermis units (area:
0.38cm?)

each reconstructed epidermis is
attached to the base of a tissue culture
vessel with an O-ring set and
maintained on nutritive agar for
transport

1 12-well assay plate

for assays

1 flask of sterile assay medium

basic medium for use in assays

1 EPISKIN-SM biopsy punch

for easy sampling of epidermis

1 lot of “MTT reagents™:

1 flask MTT reagent

to reconstitute

1 flask PBS 10x wash solution

to dilute

1 flask 4N NaOH

to adjust pH of wash solution

1 flask extraction solution of
isopropanol acid (ready to use)

1 flask negative control (NaCl,
9g/l)

1 flask positive control (glacial
acetic acid)

specific controls for the corrosivity
test

2.2. MATERIALS NOT PROVIDED WITH THE KIT

500ml wash bottle
5ml glass tubes with corks
200! micropipette

Multidispenser micropipette (2.2ml)
50ul or 100ul positive displacement micropipette (for applying thick or viscous samples)
Vacuum source and Pasteur pipettes

Small forceps
Timers

Microplate reader with filter of 545-595nm and 96-well microplates;
or spectrophotometer and 1ml microcells

\Vortex mixer
Non-sterile ventilated cabinet

EPISKINO Test Method Protocol
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3. Experimental Procedures and Timing
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Details of the kit and assay procedures should be registered on the reporting form (Annex 1).

3.1. RECEIPT OF TEST KIT

Check the date of dispatch written on the package. Before opening the EPISKIN-SM Kit:

(a) inspect the colour of the agar medium used for transport and check that its pH is
acceptable: orange colour = good; yellow or violet colour = not acceptable;

and

(b) inspect the colour of the temperature indicator to verify that the kit has not been exposed
to a temperature above 40°C: the indicator changes from white to grey at 40°C.

In the event of any anomaly, immediately contact the Sales Administration Department at

SADUC (Tel: +33 78 56 72 72; Fax: +33 78 56 00 48).

Place the assay medium supplied with the kits at 2-8°C. Leave the EPISKIN-SM Kkits in their
packaging at room temperature until the assays are to be undertaken.

3.2. APPLICATION AND RINSING

Safety precautions: MTT and corrosive materials are dangerous. Work in a non-sterile,
ventilated, cabinet, wear protective gloves, and a mask and safety glasses, as necessary.
Pre-warm the assay medium to 37°C. An approximate timing for conducting the test
procedure is given below as a guide.

9.30: proceed with the application of test material for the 4-hour samples

(@) Fill the appropriate number of wells of an assay plate with pre-warmed culture medium
(2.2ml per well). Mark the plate lids with the application time (4 hours) and the code
numbers of the chemicals to be tested (1 well per chemical), or negative control (3
wells) or positive control (3 wells).

(b) Open the EPISKIN-SM Kits and place an epidermis unit into each prepared well. Mark
each epidermis unit with the appropriate code number.

9.45: application of the products during 4 hours:

(c) Add 50m of test material to each well by using the positive displacement pipette.

(d) In the case of solids, the material should be crushed to a powder, if necessary, and 20mg
applied evenly to the epidermal surface (with difficult materials, use sufficient to cover
the epidermal surface); add 100ul NaCl (9¢/l saline) to ensure good contact with the
epidermis.

(e) Add 50ul NaCl (9g/1 saline) to each of the three negative control wells.

(f) Add 50ul glacial acetic acid to each of the three positive control wells.

() Replace the lid on the plate and incubate for 4 hours (x 5 minutes) in a ventilated cabinet

at room temperature (18-28°C).
Note: The negative and positive controls incubated for 4 hours will act as controls for all of the incubation times.

EPISKINO Test Method Protocol
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10.00: proceed with the application of test material for the 1-hour samples

(a) Fill the appropriate number of wells of an assay plate with pre-warmed culture medium
(2.2ml per well). Mark the plate lids with the application time (1 hour) and the code
numbers of the chemicals to be tested (1 well per chemical).

(b) Open the EPISKIN-SM kits and place an epidermis unit into each prepared well. Mark
each epidermis unit with the appropriate code number.

10.15: application of the products during 1 hour

(c) Add 50ul of test material to each well by using the positive displacement pipette.

(d) In the case of solids, apply 20mg and add 100ul of NaCl (9g/1), as described previously
for the 4-hour samples.

(e) Replace the lid on the plate and incubate for 1 hour (£ 5 minutes) in a ventilated cabinet
at room temperature (18-28°C).

10.30: proceed with the application of test material for the 3-minute samples

(a) Prepare the MTT solution (0.3mg/ml; enough for 2.2ml per well for the entire assay) and
the PBS 1x wash solution, as indicated in the "MTT reagents™ leaflet accompanying the
test kit.

(b) Fill the appropriate number of wells of an assay plate with pre-warmed culture medium
(2.2ml per well). Mark the plate lids with the application time (3 minutes) and the code
numbers of the chemicals to be tested (1 well per chemical).

(c) Open the EPISKIN-SM Kits and place an epidermis unit into each prepared well. Mark
each epidermis unit with the appropriate code number.

10.45: application of the products during 3 minutes

(d) Add 50ul of test material to each well by using the positive displacement pipette.
Proceed well by well at 20-second intervals, with the aid of multiple timers (test a
maximum of 5 or 6 materials at a time). Ensure that the exposure period is exactly 3
minutes for each well

(e) Inthe case of solids, apply 20mg and add 100pl of NaCl (9g/l), as described previously
for the 4-hour samples.

(f) Remove the EPISKIN-SM unit and rinse thoroughly with PBS 1x solution, to remove all
of the test material from the epidermal surface.

(9) Replace the EPISKIN-SM unit in the culture medium.

(h) When all of the units have been rinsed:

- remove the culture medium
place the units on absorbent paper, or remove the rest of the PBS from the epidermal
surface with a Pasteur pipette linked to a vacuum source (be careful not to touch the
epidermis)
add 2.2ml of the MTT solution (0.3mg/ml) to each well
replace the lid on the plate. If the ambient temperature is 20-28°C, leave to incubate
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for 3 hours (= 5 minutes) in a ventilated cabinet at room temperature, protected from
light. If the ambient temperature is below 20°C, then leave to incubate for 3 hours (+
5 minutes) at temperature of 20-28°C, protected from light. An incubator (with or
without COy), or a warm location within the laboratory, may be used. It is important
that all the samples from each exposure time are treated identically.

11.15: rinse the 1-hour samples and replace the culture medium with 2.2ml of MTT solution
(0.3mg/ml), as described above.

11.45: place 0.85ml of acidified isopropanol into labelled glass tubes (one tube
corresponding to one well of the tissue culture plate). Label each tube with the name of
the test material and the incubation time.

13.45: rinse the 4-hour samples and replace the culture medium with 2.2ml of MTT solution
(0.3mg/ml), as described above.

3.3. FORMAZAN EXTRACTION

At the end of each incubation with MTT (14.15, 14.45 and 17.00), the formazan extraction

should be undertaken:

(a) place the units on absorbent paper

(b) remove the MTT solution from each well

(c) take a biopsy of the epidermis by using the biopsy punch, by placing the epidermis unit
on the plate lid

(d) separate the epidermis from the collagen matrix with the aid of forceps, and place both
parts (epidermis and collagen matrix) into the acidified isopropanol

(e) cork each tube and mix thoroughly by using a vortex mixer

(f) ensure that the acidified isopropanol is in good contact with all of the material

(g) store at room temperature overnight, protected from light.

3.4, ABSORBANCE/OPTICAL DENSITY MEASUREMENTS

Following the formazan extraction (left overnight):

(a) mix each tube by using a vortex mixer

(b) let the solution settle for 1-2 minutes, so that any cell fragments do not interfere with the
absorbance readings

(c) place a 200l sample from each tube into the wells of a 96-well plate (labelled
appropriately)

(d) read the optical densities (OD) of the samples at a wavelength between 545nm and
595nm using acidified isopropanol solution as the blank.

(e) record the results on the template given in Annex 2.

Note: if a spectrophotometer is used rather than a plate reader, place a 500pl sample from each tube and 500pl isopropanol
(not acidified) in a 1ml microcell and read the OD at 545-595nm using the acidified isopropanol solution as the blank.

EPISKINO Test Method Protocol
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4. Calculations of viability percentages and acceptability criteria
Record all calculations on the Data Report Form (Annex 3).

Viability (%) = 100 x (OD test material/mean OD negative control at 4 hours)

(a) calculate the mean OD of the 3 negative control values: this corresponds to 100%
viability. Based on historical data the minimum acceptable mean OD for negative controls
is 0.115 (mean + 2SD). The maximum acceptable mean OD for the negative control is 0.4

(to allow for incubations at 28°C).

(b) calculate the mean OD of the 3 positive control values: the % viability of the positive
control is calculated relative to the mean negative control. Based on historical data (mean
+2SD), the acceptable mean percentage viability range for positive controls is 0-20%.

(c) calculate the % viability following exposure to the test material at each incubation time as
the OD expressed as a percentage of the mean negative control value.

(d) assay acceptability criteria: for an assay to be acceptable, the mean positive and negative
control values should fall within the ranges given above.
In those cases where the mean values fall outside the range, the assay should be repeated,
except in cases where the same chemical has been tested on at least two other occasions
(with acceptable control values) and the results of all of the tests give the same corrosivity

classification.

4.1 INTERPRETATION OF TEST RESULTS

The test results are interpreted on the basis of the exposure time needed to cause cell viability
to decrease below 35%. The determination of the packing group is summarized in the

following table:

Classification Packing group

Criteria for In Vitro interpretation

UN Corrosive class |

If viability < 35% after 3 min exposure

Corrosive class 11

If viability 3 35% after 3 min exposure and
< 35% after 1 hour exposure

Corrosive class 111

If viability 3 35% after 1 hour exposure and
< 35% after 4 hours exposure

Non corrosive

If viability 3 35% after 4 hours exposure

EU Corrosive class R35

If viability < 35% after 3 min exposure

Corrosive class R34

If viability 3 35% after 3 min exposure and
< 35% after 4 hours exposure

Non-corrosive

If viability 3 35% after 4 hours exposure

In cases where the viability values from individual skin units are highly variable, causing different
corrosivity classifications, the chemical should normally be re-tested. If one or more sets of data are
considered to be incorrect (or inconsistent with data from other runs), the results should be replaced

by those generated in a repeat run.

EPISKINO Test Method Protocol
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In cases where the viability values fall below 35%, but longer exposure times give values of
>35% (or values higher than the earlier time point), the results should be considered to be
doubtful. The run should normally be repeated.
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Annex 1
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ECYAM SKIMN CORROSIVITY WALIDATION STUDY EPISKIMT

Data compilation form

EXFPERIMENTAL CENTER: 'C
FProduct Fhysical Lot B B wiability B wrizbility B wi ability
Code Appearancs Epizkin 2 min 1hr 4 hrs
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PURPOSE

This report focuses on the performance of
EpiDermO (EPI-200) to determine the
usefulness and limitations of the assay for
the identification of potential human
corrosive chemicals. This report discusses
also how EpiDermO (EPI-200) compares to
EPISKINO, a mechanistically related in
vitro human skin model system, and to other
validated in vitro corrosivity tests (Rat Skin
Transcutaneous Electrical Resistance [TER]
and  CorrositexO). The data and
assessments reviewed for this report
included the European Centre for the
Validation  of  Alternative  Methods
(ECVAM) formal pre-validation/validation
study on EpiDermO (EPI-200) (Liebsch et
al., 2000) and additional information
formally submitted by MatTek, the
commercial source of the assay, to
ICCVAM for consideration (see MatTek
Submission to ICCVAM; Appendix F,
September 13, 2000).

EVALUATION OF REGULATORY
AND SCIENTIFIC RATIONALE

EpiDermO (EPI-200) is one of several in
vitro corrosivity assays formally evaluated
by ECVAM as alternatives to the in vivo
rabbit corrosivity test (Fentem et al., 1998;
Liebsch et al., 2000). The assay is a three-
dimensional human skin model that uses cell
viability as a measure of toxicity (i.e.,
corrosivity). Because EpiDermO (EPI-200)
is a human skin model, it may be more
relevant to assessing human skin corrosivity
potential than a test based on skin from
another species. Also, the mode of
application (topical) of the test material
mimics the route of human exposure.

EpiDermO (EPI-200) has been approved by
the ECVAM Scientific Advisory Committee
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for use in corrosivity testing in Europe
(Balls and Hellsten, 2000). This method has
also been adopted for regulatory use within
the European Union (EU) by the European
Commission (EU, 2000).

EVALUATION OF THE  TEST
METHOD

A standard kit contains media, reagents, and
24 tissues. The tissues provided in the test
kit consist of normal, human epidermal
keratinocytes cultured in a chemically
defined medium to produce a stratified,
highly differentiated, organotypic tissue
model of the human epidermis.  An
EpiDermO (EPI-200) kit is equipped with
sufficient amounts of medium, washing
solutions, and sterile, disposable tissue
culture plasticware to test four test materials
and concurrent negative and positive
controls. For use in corrosivity testing, the
test material (liquids: 50 ni; solids: 25 mg)
is topically applied to a tissue for 3 and 60
minutes. Per test compound, replicate plates
are used for each test period. Cell viability
is assessed by measuring mitochondrial
activity using the MTT (a tetrazolium salt)
assay. A test chemical is classified as
corrosive if it induces a 50% or greater
decrease in relative cell viability at 3
minutes or an 85% or greater decrease in
relative cell viability at 60 minutes. The
scientific rationale for these decision criteria
are based on a correlative analysis of the
ability of a number of corrosive (C) and
noncorrosive (NC) chemicals to induce
histopathological necrosis and an associated
reduction in cell viability (Perkins et al.,
1996). EpiDermO  (EPI-200)  will
complement EPISKINO, an ECVAM-
validated in vitro corrosivity method, by
providing an alternative and commercially
available method.

Summary Report of the EPIDERMO (EPI-200)
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Information on diffe[ences and similarities
between  EpiDermO  (EPI-200) and
EPISKINO are detailed in Table 3.1.

EVALUATION OF TEST METHOD
DATA QUALITY

The performance of EpiDermO (EPI-200)
was evaluated in three phases (Liebsch et
al.,, 2000). Phase | was conducted by
ZEBET (Centre for Documentation and
Evaluation of Alternative Methods to
Animal Experiments, Berlin, Germany), and
involved protocol and prediction model
refinement using 50 chemicals. Phase II
involved the transfer of the protocol to a
second laboratory  (Huntington  Life
Sciences) and the reproducibility of the
assay was assessed by the repeat testing of
11 chemicals. In addition, in Phase II,
ZEBET tested those chemicals classified as
false negative in Phase I, aiming to refine
the protocol and prediction model by
increasing test sensitivity. Phase Il was a
formal evaluation of the reliability and
performance of the assay using three
laboratories (ZEBET, Huntington Life
Sciences, and BASF AG), in which a blind
trial conducted with 24 test chemicals was
performed using the refined final protocol.
In designing the Phase Ill study, ECVAM
based its validation process on experimental
results demonstrating that the EpiDermO
(EPI-200) and EPISKINO assays were
mechanistically identical (Roguet et al.,
1999). For Phase Ill, ECVAM selected a
subset of 24 chemicals from the 60
chemicals tested in the EPISKINO ECVAM
validation study (Fentem et al., 1998). The
selection of the 60 chemicals in the original
validation study was based on unequivocal
animal data (Barratt et al., 1998). Care was
taken to ensure a balanced representation of
the chemical classes in this subset, as well as
to minimize the number of chemicals
previously in Phase | (there was an overlap
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of 5 chemicals). The 24 chemicals selected
included 12 corrosive tested and 12
noncorrosive chemicals -- four organic acids
(2 C; 2 NC), six organic bases (4 C, 2 NC),
four neutral organic bases (4 NC), two
phenols (1 C, 1 NC), three inorganic acids (2
C; 1 NC), two inorganic bases (1 C; 1 NC),
two electrophiles (2 C), and one surfactant
(1 NC).
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Table 3.1 General Protocol Comparison between EPISKIN™ and EpiDerm™ (EP1-200)
EPISKINO EpiDerma (EPI-200)
Assay Reconstructed human epidermis and a functional stratum corneum (not an

animal model). Tissue approximates th

e barrier of normal human skin.

Known limits of use

No known restrictions except for chemi

cals that reduce MTT. Although a

relatively small numbers of chemicals have been evaluated in some chemical
classes (i.e., cleaners and detergents), classified by ECVAM as otherwise

without limits.

Tissue construct
acceptability

QC measures are based on historical laboratory control data.

Materials,
equipment, and
supplies needed

Sim

ilar

Replicates

Single tissue (culture)/experiment
(ECVAM, 2000b) or 3 replicates/
experiments (OECD, 2001c)

Duplicate tissues/experiment,
experiment replication if needed

Dosing procedures

Liquids: 50 pL applied neat
Solids: 20 mg + saline

Liquids: 50 pL applied neat
Solids: 25 mg + 25 ni. H20

Exposure duration

3 minutes, 1 hour, 4 hours

3 minutes, 1 hour

Endpoint

Relative cell viability compared to concurrent negative control, based on
MTT assay (measure of mitochondrial function); assay based on optical

density.

Negative and
positive controls

No vehicle control (undiluted test
material used)

Negative control: saline

Positive control: glacial acetic acid

No vehicle control (undiluted test
material used)

Negative control: water

Positive control: 8.0 N KOH

Acceptable range of
control responses

Negative control: 4-hour optical
density at 545-595 nm = 0.113-0.309
for MTT incubations at 20-28°C.

Positive control: viability at 4 hours
must be 0-20%.

Negative control: 3-min and 1-hour
optical density at 570 or 540 nm =
30.8.

Positive control: viability at 3 min
must be £30%.

Data analysis

Determination of relative viability at ea
analysis.

ch exposure duration. No statistical

Positive response

Relative cell viability <35% at any
exposure duration (=packing group).

Relative cell viability <50% after 3
minutes and/or <15% after 60
minutes.

Criteria for
accepting or
rejecting a test

Acceptable control values

Test repeated if inconsistent toxicity
response pattern across exposure
durations (i.e., less toxicity at a longer
exposure duration) or if corrosivity
classification is variable

Acceptable control values

Test repeated if difference in
viability between duplicate tissues
>30% and the corrosivity
classification is variable, or
(recommended) if the resulting
viability is near to a classification
cut-off.
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The tests were conducted in the "spirit" of
GLP. Each chemical was tested twice using
independent lots of tissue by each of three
different laboratories. A formal audit of the
ECVAM data by a Quality Assurance Unit
was not conducted; however, it was stated
that all data submitted by the participating
laboratories were verified against the
original data sheets by ECVAM staff.

EVALUATION OF TEST METHOD
PERFORMANCE

For this summary report, an analysis was
conducted, similar to the performance
analysis conducted for the ICCVAM Peer
Review of CorrositexQO; the current analysis
evaluated the performance characteristics of
the EpiDermO (EPI-200) assay against the
corresponding in vivo rabbit corrosivity data
and the corresponding in vitro corrosivity
data generated by EPISKINO.  The
database used in the evaluation of the
performance characteristics of EpiDermO
(EP1-200) consisted of data from the
ECVAM pre-validation/validation  study
only (Liebsch et al., 2000); other data were
not located.

For ease of comparison, chemicals evaluated
in the EpiDermO (EPI-200) assay were
classified into the same chemical and
product class designations used in the
CorrositexO evaluation. A weight-of-
evidence approach was used for classifying
discordant results within or between
laboratories; in instances where discordant
results could not be resolved (i.e., there was
an equal number of positive and negative
calls), the chemical was eliminated from
inclusion in the performance calculations.

Based on the database of 24 chemicals and

chemical mixtures used in the validation
study and wusing a weight-of-evidence
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approach to classify the corrosivity results
(Tables 3.2 and 3.4), EpiDermO (EPI-200)
had an accuracy of 92% (22/24 chemicals or
chemical mixtures), a sensitivity of 92%
(11/12 chemicals or chemical mixtures), a
specificity of 83% (10/12 chemicals or
chemical mixtures), a false positive rate of
17% (2/12 chemicals or chemical mixtures),
and a false negative rate of 8% (1/12
chemicals or chemical mixtures). From
these data, which met pre-study acceptance
criteria of no more than 20% false negatives
and 20% false positives, the ECVAM
concluded that EpiDermO (EPI-200) was
valid for use as a replacement for the in vivo
rabbit skin test for distinguishing between
corrosive and noncorrosive chemicals for all
of the chemical classes studied (Liebsch et
al., 2000). As for EPISKINO, due to the
relatively small numbers of chemicals
evaluated in some chemical classes,
definitive conclusions as to the adequacy of
EPISKINO or EpiDerma (EPI-200) for
some classes of chemicals were difficult to
make with a high degree of confidence.
However, taking into account the relative
simplicity of the mechanism of action of
corrosives, ECVAM concluded that the
EpiDermO (EPI-200) method would be
generally applicable across all chemical
classes (Fentem et al., 1998; Liebsch et al.,
2000). A comparison of the ability of
EpiDermO (EPI-200) and EPISKINO to
correctly identify corrosive and
noncorrosive chemicals among the 24
chemicals tested in Phase Il is provided in
Table 3.2. Both assays are nearly identical
in their performance (see also Table 3.4).
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Table 3.2 Summary of Results for EpiDerm™ (EPI1-200) and EPISKIN™ Compared to In

Vivo Rabbit Results

Material EPISKIN™ EpiDerm™ (EPI1-200)
Corrosive 11/12
Noncorrosive 10/12

EVALUATION OF TEST METHOD
RELIABILITY (REPEATABILITY/
REPRODUCIBILITY)

The inter- and intra-laboratory reliability of
EpiDermO (EPI-200) was evaluated in the
ECVAM pre-validation/validation  study
(Liebsch et al., 2000). In Phase Ill, each
chemical was tested twice using different
tissue lots in each of three laboratories (i.e.,
144 tests were conducted). Of 72 replicate
tests, 5 (6.9%) did not replicate. Regarding
inter-laboratory reproducibility, three of the
24 chemicals (12.5%) were not predicted by
all three laboratories (i.e., the performance
characteristics of the three laboratories were
nearly identical). Intra- and inter-laboratory
reliability was evaluated formally using a
relative mean square diagram (determined
using a two-way ANOVA with laboratory
and experiments as factors), scatter diagrams
to assess the possibility of divergence
between results obtained in different
laboratories, and range diagrams to
summarize the overall performance of the
tests. Based on the results obtained,
ECVAM concluded that EpiDermO (EPI-
200) provided excellent reliability (Liebsch
et al., 2000). After reviewing the intra- and
inter-laboratory evaluations conducted by
ECVAM, it was concluded by NICEATM
that the analyses were appropriate and that
the conclusions were accurate.
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OTHER SCIENTIFIC REVIEWS

In May 2001, a search of the open literature
was conducted to locate additional
EpiDermO  (EPI1-200)  studies. Four
databases (PubMed, Web of Science,
Toxline, and Current Contents Connect)
were searched using the key terms
"EpiDerm"”, and "Epi" within one word of
"derm". Additional references were
obtained from the MatTek technical
references section at www.mattek.com. The
search found no additional relevant studies
conducted with EpiDermO (EPI-200).

OTHER CONSIDERATIONS

Like EPISKINO, the EpiDermO (EPI-200)
kit contains all of the necessary materials to
conduct the test and does not require
additional preparation. No animals are used
in this test. The cost for conducting
EpiDermO (EPI-200) is reported by MatTek
(e-mail  communication  from  Mitch
Klausner, MatTek Corporation) to be
approximately $800 per kit or $200 per test
chemical (Table 3.3). This cost is less than
the in vivo rabbit skin test and similar to that
for the other validated in vitro corrosivity
assays (Fentem et al., 1998). The time
needed to conduct the EpiDermO (EPI-200)
is similar to EPISKINO.
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RELATED ISSUES
Refinement, Reduction, and Replacement

Since the method is designed as a
replacement for animals, EpiDermO (EPI-
200) would clearly reduce the requirement
for animal testing for corrosivity. Therefore,
it has the potential to eliminate the use of
animals for the determination of corrosivity.
If used in an integrated testing approach,
EpiDermO (EPI-200) provides for reduction
and refinement of animal use.

Comparison to Other In Vitro Assays

General comparative information  on
EpiDermO (EPI-200) compared to Rat Skin
TER, EPISKINO, and CorrositexO is
provided in Tables 3.3 through 3.6. In
contrast to CorrositexO and EPISKINO,
EpiDermO (EPI-200), like Rat Skin TER,
cannot be used to identify packing group
classifications.

Summary Report of the EPIDERMO (EPI-200)
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Table 3.3 General Comparison of the Rat Skin TER, EPISKIN™, EpiDerm™ (EPI-200),
and Corrositex® Assays

EpiDerm™
™
Rat Skin TER E.PI.SKIN (EP1-200) Corrositex®
(prediction model B) (prediction model 2)
Test MEt.hOd Acceptable Acceptable Acceptable Acceptable
Description
Adequacy/Completene | aqcantaple Acceptable Acceptable Acceptable
ss of Protocol
Acceptable Acceptable
nglsjsllnrfgs o (Botham et al., ,(Al\:ccetptablf ., 1998) ?‘Lc_czpt?]bli 1., 2000) (ICCVAM,
. . entem et al., iebsch et al.,
Corrosivity/Non- llizatze niigt)%l 1999)
corrosivity 1998)
Usefulness for Not Acceptable Can group as UN Not Acceptable Acceptable
Determining Packing (Fentem et al., packing group /111 or | (Liebsch et al., 2000) (ICCVAM,
Groups 1998) (Fentem et al., 1998)* ' 1999)
Acceptable Acceptable
Repeatability and (Botham et.al., Acceptable Acceptable (Fent.em etal.,
eproducibility ' ' entem et al., iebsch et al., '
Reproducibili 1992; 1995 F 1., 1998 Liebsch et al., 2000) | 1998
Fentem et al., ICCVAM,
1998) 1999)
Replaces
animal use
) . when used as a
Refines and Replaces animal use stand-alone
Animal Use reduces animal | When used as a stand- Refi d red test.
Refinement, use when used as | alone test. ar?i%nzﬁsuig V\;Eegcuesse d _
a stand-alone test Refines and

Reduction, and
Replacement
Considerations

orinan
integrated testing
strategy.

Refines and reduces
animal use when used in
an integrated testing
strategy.

in an integrated
testing strategy.

reduces animal
use when used
inan
integrated
testing
strategy.

Cost

~$500-850/test

~$450/test Kit®

~$200/test chemical

~$300/test
chemical

Study duration

2 work-days

1 work-day

1 work-day

£4
hr/chemical

# Since the performance of EPISKINA was not assessed for distinguishing between UN packing groups 1l and 111,
all R34 classifications would be conservatively classified as UN packing group II.

® One to three chemicals may be tested per test kit; however, it is recommended by the supplier that each test
chemical be assayed using 3 different skin batches/kits which equates to a total cost of ~$430/ test chemical.

50

Summary Report of the EPIDERMO (EPI-200)




ICCVAM Review of In Vitro Dermal Corrosivity Methods Section 3.1

Table 3.4 General Comparison of the Rat Skin TER, EPISKIN™, EpiDerm™ (EP1-200),

and Corrositex® Assays Based on a Weight-of-Evidence Approach?® by Chemical
using Data from the ECVAM and other Validation Studies (Fentem et al., 1998;

ICCVAM, 1999; Liebsch et al., 2000)

~ 1 ™ -
Rat Skin TER EpiskIN® | EpiDerm™ (EPI-200) | oo @
(prediction model 2)
Number of 122 60 24 163
Chemicals 94% (51/54) 829% (23/28) 929 (11/12) 85% (76/89)
Overall
Sensitivityb 71% (48/68) 84% (27/32) 83% (10/12) 70% (52/74)
Overall 819% (99/122) 83% (50/60) 929% (22/24) 79% (128/163)
Specificity® 29% (20/68) 16% (5/32) 17% (2/12) 30% (22/74)
Overall Accuracy® 6% (3/54) 18% (5/28) 8% (1/12) 15% (13/89)
False Positive
Rate
False Negative
Rate
Test Chemical
Inter-laboratory 34.7° 11.3° 12.3° 30.3°
Coefficient of d d d d
Variation 3.8-322 3.9-148.8 0.9-51.2 7.7-252.5
120° 20° 144° 180°

% A chemical is first classified as positive or negative for corrosivity within each laboratory based on the majority of

test results obtained (when replicate testing was conducted). Next, the chemical is classified as positive or
negative for corrosivity based on the majority of test results obtained in multiple laboratories (when multiple

laboratory studies were conducted). In instances where discordant results could not be resolved (i.e., there was an

equal number of positive and negative calls within or across laboratories), the chemical was eliminated from
inclusion in the performance calculations.

Sensitivity is defined as the proportion of all positive chemicals that are correctly classified as positive in a test.

Specificity is defined as the proportion of all negative chemicals that are correctly classified as negative in a test.

Accuracy (concordance) is defined as the proportion of correct outcomes of a method.
Median values

Range of values

¢ The total number of independent values, which is calculated as the number of chemicals tested multiplied by the

number of participating laboratories.
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Table 3.5 General Comparison of the Rat Skin TER, EPISKIN™, and EpiDerm™ (EPI-
200) Assays from Independent Test Results in the ECVAM Validation Studies
(Fentem et al., 1998; Liebsch et al., 2000)

EpiDerm™
TER (pre(IJIEilztliSo'rflr:w\lngel B) (%PI'.ZO.O)

(prediction
Number of Chemicals a 24
\T/Ziitggtiigfgt\ﬁy'\ﬂ (Fentem Stoal., 1998) (FenterrE]s %/tz;l,, 1998) (Liet;s(;:gol)?t -
Sensitivity® 88% (140/159) 83% (201/243) / 88% (87/99) 88% (63/72)
Specificity® 72% (142/196) 80% (237/297) | 79% (92/117) 86% (62/72)
Accuracy® 79% (282/355)° 81% (438/540) / 83% (179/216) | 87% (125/144)
False Positive Rate® 28% (54/196) 20% (60/297) / 21% (25/117) 14% (10/72)
False Negative Rate” 12% (19/159) 17% (42/243) | 12% (12/99) 13% (9/72)
Number of Trials® 155 540/ 216 144
Test Chemical Inter- 34.7° 30.2° 12.3°
laboratory Coefficient of 10-322° 7.7-252.5° 0.9-51.2°
Variation 155 540 144

The first numbers for accuracy, sensitivity, specificity, false positive rate, and false negative rate correspond to
the 60 chemicals tested in the ECVAM Skin Corrosivity Test using EPISKINGO (Barratt et al., 1998; Fentem et
al., 1998); the latter values correspond to a direct comparison of EpiDerm® (EP1-200) and EPISKINO for the
same 24 materials tested in both systems (Liebsch et al., 2000).

Sensitivity is defined as the proportion of all positive chemicals that are correctly classified as positive in a test.
Specificity is defined as the proportion of all negative chemicals that are correctly classified as negative in a
test. Accuracy (concordance) is defined as the proportion of correct outcomes of a method. False positive rate
is defined as the proportion of all negative chemicals or chemical mixtures that are falsely identified as positive.
False negative rate is defined as the proportion of all positive chemicals or chemical mixtures that are falsely
identified as negative.

The percentages are based on the number of correct trials among the total number of trials (i.e., independent
tests) provided in parenthesis.

Median values
Range of values
The total number of trials conducted in the validation study minus the non-qualified (NQ) results. This number

is usually equal to the number of chemicals multiplied by the number of participating laboratories multiplied by
the number of replicate tests.
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Table 3.6 Classification Results from the ECVAM Validation Studies of Rat Skin TER,
EPISKIN™, and EpiDerm™ (EP1-200) Assays as Compared to the In Vivo
Classification (Fentem et al., 1998; Liebsch et al., 2000)

No.? Chemical Type In Vivo Rat Skin TER | EPISKIN™® | EpiDerm™
(EP1-200)
1 Hexanoic acid ORGAC R34/11&III R35 R35 N/A
29 |65/35 Octanoic/decanoic acid ORGAC R34/11&I11 R34 R35 N/A
36 |2-Methylbutyric acid ORGAC R34/11&lI1 R35 R34 N/A
40 |Octanoic acid (caprylic acid) ORGAC R34/11&I11 R35 R34/C C
47 160/40 Octanoic/decanoic acids ORGAC R34/11&I11 R34 R34/C C
50 |55/45 Octanoic/decanoic acids ORGAC R34/11&lI11 R35 R34 N/A
7  |3,3-Dithiodipropionic acid ORGAC NC NC NC N/A
12  |Dodecanoic acid (lauric acid) ORGAC NC NC NC NC
26 |Isotearic acid ORGAC NC NC NC NC
34 |70/30 Oleine/octanoic acid ORGAC NC NC NC N/A
58 |10-Undecenoic acid ORGAC NC NC R34 N/A
2 |1,2-Diaminopropane ORGBA R35/1 R35 R34/C C
15 |Dimethyldipropylenetriamine ORGBA R35/1 R35 R34/C C
38 |Tallow amine ORGBA R35/11 2R34/2NC/2NQ NC N/A
55 |1-(2-Aminoethyl)piperazine ORGBA R34/11 R35 NC N/A
13 |3-Methoxypropylamine ORGBA R34/11&l R35 R34 N/A
17  |Dimethylisopropylamine ORGBA R34/11&III R35 R34/C C
45  |n-Heptylamine ORGBA R34/11&I11 R35 NC C
10 |2,4-Xylidine (2,4- ORGBA NC R34 R34 N/A
Dimethylaniline)
35 |Hydrogenated tallow amine ORGBA NC NC NC NC
59 |4-Amino-1,2,4-triazole ORGBA NC NC NC NC
8 |Isopropanol NORG NC NC NC N/A
11 |2-Phenylethanol NORG NC NC NC N/A
16  |Methyl trimethylacetate (referred
to as Methyl 2,2- . NORG NC NC NC C
dimethylpropanoate in EpiDermO
(EP1-200))
19 |Tetrachloroethylene NORG NC NC NC NC
22 |n-Butyl propionate NORG NC NC NC N/A
27 |Methyl palmitate NORG NC NC NC N/A
44 |Benzyl acetone NORG NC NC NC NC
51 |Methyl laurate NORG NC NC NC N/A
56 [1,9-Decadiene NORG NC NC NC NC
3 |Carvacrol PHEN R34/11&III R34 R34 N/A
23 |2-tert-Butylphenol PHEN R34/11&I11 R35 R34/C C
9  |o-Methoxyphenol (Guaiacol) PHEN NC NC R34 N/A
30 |4,4-Methylene-bis-(2,6-di-tert- PHEN NC NC NC N/A
butylphenol)
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Table 3.6 (continued)

No.? Chemical Type InVivo |Rat Skin TER| EPISKIN™ ® | EpiDerm™
(EPI-200)
49 |Eugenol PHEN NC NC NC NC
4 |Boron trifluoride dihydrate INORGAC R35/1 R35 R35/C C
28 |Phosphorus tribromide INORGAC R35/1 R35 R35/C C
32 |Phosphorus pentachloride INORGAC R35/1 R35 R34 N/A
25 |Sulfuric acid (10% wt.) INORGAC R34/11&I11 R34 R34 N/A
57 |Phosphoric acid INORGAC R34/11 R35 R34 N/A
43 |Hydrochloric acid (14.4% wt) INORGAC R34/11&I11 R35 R34 N/A
53 |Sulfamic acid INORGAC NC R34 R34/C C
18 |Potassium hydroxide (10% aqg.) |[INORGBA R34/11&I11 R35 R34/C C
42 |2-Mercaptoethanol, Na salt (45% |[INORGBA R34/11&I11 R35 NC N/A
ag.
21 P?'Jt)assium hydroxide (5% ag.) |INORGBA NC R35 R34 N/A
24 |Sodium carbonate (50% aqg.) INORGBA NC R34 NC NC
20 |Ferric [iron (I11)] chloride INORGSAL R34/11 R35 R34 N/A
52 |Sodium bicarbonate INORGSAL NC R34 NC N/A
54 |Sodium bisulfite INORGSAL NC 3R34/3NC NC N/A
5 Methacrolein ELECTRO R34/11&I11 NC R34/C NC
14 |Allyl bromide ELECTRO R34/11&I11 R35 R34 N/A
48 |Glycol bromoacetate (85%) ELECTRO R34/11&I11 NC R34/C C
6  [Phenethyl bromide ELECTRO NC NC NC N/A
31 |2-Bromobutane ELECTRO NC 3R34/3R35 NC N/A
33 |4-(Methylthio)-benzaldehyde ELECTRO NC NC NC N/A
39 |2-Ethoxyethyl methacrylate ELECTRO NC NC NC N/A
46 |Cinnamaldehyde ELECTRO NC NC NC N/A
37 |Sodium undecylenate (33% aq.) |SOAP NC R35 R34 N/A
41 |20/80 Coconut/palm soap SOAP NC NC NC N/A
60 |Sodium lauryl sulfate (20% aq.) |SOAP NC R35 NC NC

Definitions are as follows: C = Corrosive; NC = Noncorrosive; R34 is equivalent to packing groups Il and/or 111; R35 is
equivalent of packing group I, except for tallow amine (R35/11); NQ = Non-qualified; N/A = Not applicable because not tested;
ORGAC = Organic acid; ORGBA = Organic base; NORG = Neutral organics; PHEN = phenol; INORGAC = Inorganic acid;
INORGBA = Inorganic base; INORGSAL = Inorganic salt; ELECTRO = Electrophile; SOAP = Soap surfactant
Overall corrosivity classifications were determined by the majority of the reported results obtained from each assay. If results do
not show a majority, a definitive classification could not be determined.
® Number assigned each chemical by the ECVAM Management Team.
® For EPISKINO, prediction model B was the more complex prediction model and was the only model considered in detail by
the ECVAM Management Team (Fentem et al., 1998).
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SUMMARY  CONCLUSIONS AND
RECOMMENDATIONS

ECVAM concluded that EpiDermO (EPI-
200) was an in vitro replacement assay for in
vivo corrosivity testing.  Although there
were differences for some chemicals in calls
between experiments within and between
laboratories, ECVAM concluded that
EpiDermO (EP1-200) was both reliable and
reproducible; NICEATM concurs with that
conclusion.

The two major questions to be addressed for
in vitro corrosivity assays are:

1. Has the assay been evaluated sufficiently
and is its performance satisfactory to
support the proposed use for assessing
the corrosivity potential of chemicals
and chemical mixtures?

2. Does the assay adequately consider and
incorporate, where scientifically
feasible, the 3Rs of animal use
(refinement, reduction, and replacement
alternatives)?  Does the assay offer
advantages with respect to animal
welfare considerations?

In response to the first question, the
performance  characteristics  of  the
EpiDermO (EPI-200) method indicates, i